O-B bushings are distinguished by one 
feature--porcelain dielectric. Porcelain 
cannot be harmed by un-predictable dis- 
charges or leakage currents. Porcelain 
can’t be altered by time in the slightest 
way. Porcelain is broadly conceded to be 
the most stable, rugged high-voltage insu- 
lating material... Porcelain insulation now. 
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carries the voltage to your sub-stations. ; 
Let it carry that voltage safely the rest of 


the way--right to the windings of your ap- 
paratus...Specify O-B porcelain bushings. 
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Moisture can play hob around electrical 


— equipment. 


It can be absorbed into the insulation 
mH and lower its dielectric strength. 


It can eventually result in all sorts of 
maintenance misery, as every engineer 
BH too well knows. 


It’s an insulation of glass... plus varnish 


The fibers in all Fiberglas* Electrical 
Tnsulations are glass. 


That’s why they do not absorb mois- 
ture and thus they provide a better base 
for impregnation. As a result, the im- 
pregnated Fiberglas provides high re- 
sistance to destructive effects of moisture. 

Similarly, most ‘corrosive vapors do 
not attack this durable insulation, for the 
simple reason that glass fibers are un- 
affected by oils and acids (except ae 
fluoric). 

Before the war, alert engineers were 
skillfully adapting Fiberglas to many 
kinds of equipment working under tough 
conditions. Fiberglas gained wide accep- 
tance as a superior electrical insulation. 


For the same reasons, it has gained 


BUT THERE'S A PRACTICAL SOLUTION. TO 
i MOISTURE PROBLEM! 


wide ied he in the Army, Navy, and | 


war industries for many types of motors, 
generators, and transformers—for wire 
and cable in planes, tanks, and ships. 


As the production of Fiberglas Elec- 
trical Insulation is being constantly in- 


creased, more and more of this material is _ 


becoming available for more applications. 


Many design engineers, now working 
with Fiberglas, are also looking ahead. 
They see how they will get outstanding 
performance with this glass material in 
all kinds of electrical equipment for pest- 
war markets. They also know that Fiber- 
glas gives them all the standard forms of 
electrical insulation to work with. 


Those who have repair or rewind prob- 
lems will also find it helpful to consult 


‘ 


_ their electrical distributor regarding ] 


possibility of using Fiberglas. — 


Owens-Corning Fiberglas Corpora or 
Toledo 1, Ohio. In Canada, Fib 
ee Lid., Oshawa, Ontario. . 


Ye 
} 
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*T, M. Reg. U.S. Pat. of. # 


slectrical Sinews for the Big Inch Pipe Lines 


“\ | MERRITT A. HYDE 
F ASSOCIATE AIEE 


HE NEW 24-inch oil-pipe-line project, the Big Inch, 

the-greatest in the realm of petroleum transportation, 
is been carried to rapid completion under wartime con- 
tions of engineering and construction, as a vital factor 
the war effort. In fact, “Big Inch” has become 
iother American byword of construction accomplishment. 
From the viewpoint of power application, Big Inch isa 
400-mile underground conduit, 24 inches in diameter 
r 1,264 miles of its length, from Longview, Texas, to 
hoenixville, Pa., where it divides into two 20-inch lines, 
1¢ branch to the Philadelphia area, totalling some 40 


pe miles, the other about 90° miles to the New York . 


eA. 

The route encounters all varieties of terrain ranging 
om the Mississippi bottoms to the ridges of the Alle- 
nenies. Between an elevatidn of 313 feet at Longview 
ad seaboard at its eastern 
rmini, its highest point is the 
920-foot Laurel Hill cross-. 
ig, in Pennsylvania. 

When operating at its ulti- 
late capacity, the line will 
arry a continuous 1,400-mile 
alumn of oil from Longview 
» Linden, N. J., more than 
,000,000 barrels of it, weigh- 
ag 600,000 tons, moved at a 
seed of about 41/, miles per 
our. To accomplish this re- 
Uires a total propelling force 
quivalent toabout 2,450 tons. 
‘his force and rate of motion 
epresent the continuous ex- 
enditure of nearly 100,000 horsepower—by that measure 
ne of man’s greatest pumping jobs. 

This task is performed by electrically driven centrifugal 
uumps. ‘The aggregate installed electric-motor capacity, 
pplied to main-line pumping, is approximately 125,000 
orsepower. This capacity is in 83 units of 1,500 horse- 
jower each, in essentially 28 stations at intervals averaging 
bout 50 miles, three units per station. Additional spare 


nd auxiliary units bring the total installed horsepower to 


bout 130,000. 

‘In these days of big numbers, installation of 130,000 
jorsepower of power equipment in a pumping plant might 
Ye announced with some eyebrow lifting, but not with 
auch breath-taking effect. The real interest in this proj- 
ct is in its nature, not its size. It is one thing to build and 
un a 130,000 horsepower pumping plant on some par- 
icular site. It is quite another matter to design, construct, 
md operate the equivalent capacity in 28 stations inter- 
lependent in the performance of a single operation yet 
xtended over a 1,400-mile strip of ground. . 


sential substance of an address presented before the power group of the New 
fork Section of AIEE, in New York, N. Y¥., October 14, 1943. 


Merritt A, Hyde is petroleum and chemical engineer, industry engineering depart- 


aent, Westinghouse Electric and Manufacturing Company, East Pittsburgh, Pa. 

ae i ; 

“a author acknowledges the assistance of Oscar Wolfe, chief engineer, and A. S. 
inneke and J. L. Gates, electrical engineers of War Emergency Pipe Lines, Inc., 

a the preparation of this article. 
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The 24-inch pipe line, the Big Inch, will 
transport 300,000 barrels of crude petroleum © 
1,400 miles daily from the heart of Texas oil 
fields to the Eastern Seaboard. The new 
20-inch refined-products line is 150 miles 
longer and has a capacity of 235,000 barrels 
per day of refined products. Power supply, © 
substations, motors, and controls of the operat- 
ing equipment, as well as high lights of the 
construction problems are discussed in this 
article by an outstanding authority on elec- 
trical problems associated with oil pipe lines. 


The whole character of pipe-line operation stems from 
this subdivision into stations separated geographically but - 


, joined physically. The use of a number of stations along 


the line instead of one station at the origin of the line is 
dictated by the necessity of limiting the station delivery 
pressure to a value that develops a piping stress within 
the allowable limit. If the pumping capacity on the 24- 
inch crude line could be combined into one station at 
Longview, delivering 300,000 barrels per day through 
the 1,264 miles of 24-inch line to Phoenixville, with a 
pressure drop per mile of 12 pounds per square inch, and 
against a static head of 50 pounds per square inch due to 
difference in station elevations, then Longview station 
would have to operate with a discharge pressure of 15,250 
pounds per square inch. Of course, this is an impractical 
condition from the standpoint of pipe design alone. But 
by dividing this pumping job 
among 24 stations along this 
portion of the line, the aver: 
age net differential pressure 
input at each station becomes 
about 635 pounds per square — 
inch. Allowing for a suction - 
_pressure at each station of 50 
pounds per square inch, the ~ 
station discharge pressure - 
would be 685 pounds per 
- square inch. In actual opera- 
tion, capacity flow is some- 
what higher than the 300,000 
barrels per day nominal rat- 
ing of the line, and the net 
differential pressure at each 
station is in the neighborhood of 675 pounds per square 
inch. With a suction pressure of 50 pounds per square 
inch, this means a maximum line pressure at the station 
discharge of 725 pounds per square inch, a practical 
value from the standpoint of pipe design. i 
The average spacing for 24 stations over 1,264 miles of 
line is 52.5 miles. Actually distances between stations 
vary from 31 to 78 miles, the spacing being closer for uphill 
and wider for downhill terrain. In each case the spacing — 


_ is such that the pressure increment developed by the sta- 


tion is equaled by the static-head difference between that 
station and the succeeding station, plus the friction drop 
at capacity flow for the length of piping between the two 
stations. Figure 1 is a diagram illustrating this point. 
This profile for a section of pipe line does not apply to 
the Big Inch right of way, but it will serve as a basis of dis- 
cussion. The line throughput is taken as 300,000 barrels 
per day of oil with specific gravity 0.85, with a friction 
drop per mile of 12.0 pounds per square inch or 32.6 
feet head. Minimum allowable station suction pressure 
is taken as 50 pounds per square inch, or 135 feet head. 
The net pressure increment at each station is taken as 635 
pounds per square inch or 1,725 feet head. If one pro- 
ceeds from station A, it is evident that the site of station B 
is determined by the location at which the suction head 
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-sures throughout the line. 


<The ~ on eee *y 


reaches ie Sabitued minimum, value of 135 feet. 


being uphill. 
manner, but with generally downhill terrain, the suction 
head limit for station C is reached at a distance of 58.7 


miles—substantially greater spacing than for the uphill 


terrain between stations A and B. 


For a given capacity, fluid condition, and pipe condition, 


the friction pressure drop per mile is fixed. For inter- 
changeability of pumping equipment it is highly desirable 
to maintain essentially uniform station incremental pres- 
Under these conditions the 
station sites are determined quite rigidly by the hydraulics 


of the line, and their selection is not subject to appreciable 
flexibility in the interest of convenience in other respects. 


This fact is important in regard to power service; it 


~ means that station locations cannot be chosen to facilitate 


nN 
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w 
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INCREMENT G 


STA, A a ae STA.B 


STA.B TO STA.C 58.7 MILES— 


8 MILES i 
380 400 420 440 460 480 
, DISTANCE FROM STATION 1 ==. MILES, 


Faure 1. Typical pipe-line profile and pressure-gradient chart 


Station locations are determined by the minimum allowable i incoming pressure 


_ power service, rather, power-service facilities must be 


extended to station sites as determined pipe- “Une 
hydraulics. 

In the course of 1 ,400 miles of right of way, it is to be 
expected that a variety of power-service conditions would 
be encountered. Power is delivered to the station sites 


_by 17 different utility companies, involving new line con- 


structions varying from a few miles up to, in one instance, 


_ 120 miles of line for serving three stations. Service voltages 


range from 22 to 110 kv. In all stations the bus voltage 
is 2,300, stepped down from service voltage through 


one three-phase transformer rated, in general, 3,750 kva_ 
with provision for future addition of air-blast equipment, 


which will permit realization of 5,000 kva capacity. The 
transformer primary windings are provided with under- 


voltage taps for adjustment to deliver the required station 


bus voltage under conditions of reduced line voltage. The 


- transformer-substation installation includes primary dis- 


connect switch, lightning arresters, and fuses.. 


Figure 2 is a-view of the power-service facilities at one 


of the Big Inch stations receiving power over a 110-kv 
transmission line. Figure 3 is a diagram showing more 


clearly the arrangement of power-service facilities and is _ 


typical as well for the station switchgear, motors, and 
pumps. From the outdoor substation, power enters the 


This 
~ spot is 33.8 miles from station A, the trend of the terrain 
If one proceeds from station B in the same — 


Figure 2. View of typical pumping statio 


The 3,750-kva three-phase transformer delivers as 
station bus and the auxiliary power and lighting tr 


ptevineieean switchgear at 2, 300. 
suichee it Bie. BRODER a main ae 


puitable starting edie! 

This starting equipment is of the 
wherever the power-service facilities ar 
handle the across-line starting current 
which is about 1,500 a or Bape 
rent. 


starting transition. If2 a a6 ie of 
the starting demand from the 2, 300-volt br 
740 amperes. Higher starting taps are 
ea. ase ee insure ro ca 


motor to eaable it to devel the | 
accelerate the pump. 

hex pump-accelerating torque 
mized by the practice of starting with | 
and discharge valve closed. The static 
20 per cent, and the load torque. incre: 
the Ces from Se zero 


‘ 7 4 
3750 KVA 
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LIGHTING 8 rahe pon 
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A S/O ¥.. 
W: toa voltage Speiactety 70 pee cent 
Within that range the starting of one unit | 
ot affect appreciably the operation of other units ~ 
may be running. This means that for a particular 

station the choice between across-line starting 
Bey icesliace Basse is i bomen oe the ene 


typical tasealtanion: of Atco ahi starting switch- 
ris shown in Figure 4. The two left-hand units house 
potential and operating transformers and the main 
it breaker, with metering and relaying for the in- 
ning line. The remaining three units each control one 
,500- -horsepower pump motor. : 

Each motor control unit provides time-delay ene 
oltage protection, and also instantaneous short-circuit 
ction and locked-rotor protection. Running load 
on. is dass Mai by a thermal ey which follows 


le ee is of ihe aa hea Seals lift breaker 
with the well-known features of safety, interchange- 
ne and complete factory teas nia. GPa esac aa: 


id ae 1 (500-Homepowes pump) Barta using full-voltage 
i ar starting 


erent breakers, mechanically interchangeable, are easily removed and 
yor replaced 


All circuit breakers 

75 a 100,000 kva iaeseensiane rating, 600 amperes 

she motor units and 1,200 amperes for the incoming 
A spare 1,200-ampere breaker is interchangeable 

all the units. | | 

ure 5 shows reduced-voltage switehgear and three 

eee cronet 1 asian motors barnes meinenne 


i he. pump room ee the motor room. 
1ese motors are of the squirrel cage induction type, 
d 40 degrees centigrade rise open. Their ventilation 
y air intake at both end brackets, with discharge 
0 gh an opening in the top of the motor frame. Each 
is installed with a so-called “top hat” through 
the warm discharge air is drawn into a duct and 
expe slled through the roof by a small motor driven blower. 
Provision is also made for circulation of this air as a 
ans of heating the station in cold weather. 
The motor room is completely separated from the pump 


a 


om ae a fire wall, with no communicating BOORiay, it 


ing, and fittings. . 
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panip motors 

Shaft seal in wall separates motor room from ‘it room 
being necessary to go outside fie building wee passing 
from the one room to the other. With this arrangement } 
the _motor room is considered iigencrse and the 


a for eee dous igcauons: 

The pump room, however, 
Figure 6 shows the pump room with the three u 
arranged in series, the incoming flow entering the su 
valve a unit 1 in the foreceotnal The pumps are sur- 
prisingly compact, being single stage, 16 by 12, ra 
8,750 gallons per minute, 648 feet head, at 1,780 rp 
The discharge valve of unit 1 can be seen just beyond th 
pump, followed by unit 2 with its valves, and in turn by _ 
unit 3. and valves. 9 ee 

From the standpoint of electrical devices and Ww 
the pump room as mentioned previously is a hazardo 
atmosphere location, made so by normal drainage fro 
the pump glands, by pump-casing venting operations, an 
by any abnormal leakage from pump glands, valves, pip- 
The push buttons in the pump ro 
for starting aud stopping of the units are of the ex 
proof type. Likewise the pressure-protective. relays, 
which more will be said later, ban 43 

The suction and discharge valves associated with each wh 
pump are manually operated, the 16-inch suctio1 
requiring 156 turns for its complete travel and the 


Figure 6. View from suction end of pump room in a Big Inch 
station, showing the three pumps connected in series ~ 
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. Figure 7. Piping diagram for a typical Big Inch station 


‘ rs 


discharge valve 118 turns. Rapid operation of these 
valves taxes the physical capacity of one man, and it 


‘seems probable that they will be converted to motor opera- 
tion when the availability of such apparatus becomes Jess _ 


critical. ; 

The co-ordination and control of the many component 
‘parts of a typical station are an important problem. The 
main 24-inch line enters and leaves the station site as shown 
at the bottom of Figure 7, where a scraper box, interrupt- 


ing the line, provides for the handling of incoming and 
outgoing scrapers, employed to clean the line. 
able valve positioning, the stream is detoured through the 


By suit- 


station, where it receives the pressure increment developed 
by the pumps and resumes its-travel along the line. Also 


in this diagram can be seen the suction and discharge 


valves of each unit and the check valves which permit. by- 
passing the individual units or the station. 

_ The starting and normal stopping of stations and of 
units within stations are by direction of the dispatcher, 
who is located in the headquarters office at Cincinnati. 
Continuous intercommunication between the dispatching 
office and all stations is provided by teletype with tele- 
phone available as a ‘supplementary means. 


te Tn. starting the line from complete shutdown, when all 


stations are in readiness, the dispatcher instructs station 1 


_ at Longview to start one unit, and the other stations each 


to start one unit when the line pressure at that station 
begins to rise in response to the operation of the upstream 
stations. 
ae. room, two gauges ree ‘station suction pressure”’ 


- and “station discharge pressure’ and mounted with them 


the three push-button stations controlling the individual 
units. Without having to lift his glance from the gauge 


‘control to protective shutdown functions. . 


’ pressures on the line and in the stations be 


However, if the suction pressure persists below tk 
tive-relay setting, the remaining units are stoppec 
_ matically in sequence at five second intervals. — 


The operator has at a central location in the 


This Bk Ar very 7 Cena for 
vent the occurrence of behave lo 


others, or to ane aie ee 
(throttling is an inefficient means of 
pressure within the station). 
flexibility in normal starting and Pah 
contribution a eee cna to the.ope1 
line. ra 

Of still more ucomaate is the adaptab 


indicated, it is necessary at all times to hold 


limits of low suction and high discharge pre 
Low suction pressure permits vaporizatior 

with | possible damage to the pump. To 

ls a wip is Oe ba its absi reat: 


operator, who ray be able RA koa 
tling adjustment. Failing this, a second 
relay functions at about 20 pounds per s 
cause shutdown. Both of these devices are c 
higher or lower settings. 

By suitable electrical control, the low- 
shutdown relay is arranged to stop the units in 
quence, beginning with the downstream unit, 


si 


Protection against excessively high line pressu: 


PUMP GLANDS LEAKAGE DRAIN 


ee e 
he can push a start button, and within ten seconds the 0) = 
pump is up to speed ready for its discharge valve ’ tO De 158, ae a 
opened. apt s A 5 
In succession the stations start unit 1 and, when all are Soy 
operating with one unit, the dispatcher may ¢all for start- UMP C3 
ing unit 2 beginning at Longview and progressing through- Sst 
out the line in the same way. Finally, to operate at full a : 
capacity, the dispatcher may instruct all stations to start ee ee on SuOR-Fanwe. Sang Saas ae 
unit 3 following the same procedure. Should conditions ‘ 7 a ) ; is poke 
dictate intermediate throughputs, the dispatcher> can Figure 8. Piping diagram of typical station of the 20- Onine 
accomplish this by holding selected units, or stations, out fined-products line Soe 
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Ae - 
ee square inch. #0 additional pressure relay Parner 
init 2 and unit 3 will allow a pressure at this point not 
nore than 250 pounds per square inch above normal dis- 
charge pressure of unit 2.. These high-pressure protective 
elays also will shut down successive units in pa se- 
uence. 

In event of a protective shutdown due to bie ot 
sressure, the operator may have difficulty in identifying 
he particular relay that functioned. To provide this 
nformation quickly, a visible annunciator is being de- 
igned for operation in conjunction with the pressure pro- 
ective devices. This annunciator will be mounted in the 
ump room, in an explosion-proof housing, adjoining the 
tation pressure gauges and the push buttons which con- 
rol the three pump units. 

With these protective devices, the station can operate 
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at a wide range of pressure conditions within the limits 
for which the devices are set, and yet have the benefit of 
protective shutdown when some abnormality results in 
pressures exceeding the predetermined limits. 

These vital protective functions are made possible in 
simple reliable form through the medium of electrical 
control. Thus, electricity provides not merely the sinews 
that make Big Inch a moving thing, but also the nerves 
that direct and protect it in the performance of its mighty 
; 

_ And now Big Inch has a Gas the new 20-inch refined- 
Reciacts line under completion from Beaumont, Tex., 
(0 the Philadelphia and New York areas. 

Called “‘little Big Inch” because it’s a trifle smaller in 

the waist, it is 150 miles longer, and it really packs a 

bigger wallop than Big Inch, for its 235,000 barrels per 

lay capacity of refined products will represent the equiva- 
nt of some 370,000 barrels per day of crude oil. 

Big Inch, drawing products from ten refineries 
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CONDUITS TO SEQUENCE CONTROL CABINET 
Figure 9. These protective relays, some actuated by pressure, 


others by temperature, guard strategic points in the piping and 
pumps of the 20-inch-line stations 


- in ventilation arrangement. 


in the Baytown and Beaumont areas, runs 350 miles to 


Little Rock, Ark., where it joins the right of way of the 
24-inch line and follows it from there on to the East. 


Beginning at Little Rock the 20-inch-line stations are at 


the same sites as the stations on the 24-inch line. Thus 


_ substantial savings are effected in costs of right of way, 


station sites, power procurement, energy, operating labor, 
and operating maintenance. 


Station layout on the 20-inch line, as indicated by 


Figure 8, will be quite similar to that of the 24-inch line. 
power: the handling of refined products entails the 


_ addition of filter units. 


Power-service facilities are entirely similar to those of 
the 24-inch line. Transformers of 3,750-kva rating are 
being installed, the two transformers at each site to ope 
ate in general fo a common primary feeder with inde- 
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pendent secondary circuits to the respective pump houses. 


; 


‘ 


bat 


Ultimately it is likely that a 2,300-volt bus tie will be — 


installed with a normally open switch. Upon failure of 
either of the transformers, closure of this bus tie would 
permit both stations to be loaded from one transformer 
which, cooled by air blast, would permit operation of 
selected units in both stations. ; 

Main switchgear for the 20-inch-line stations is inter- ” 
changeable with that of the 24-inch line. An additional 
matching unit houses the station sequence control to be 
described later. ; 

The three pump units are driven by 1,250-horsepower 
motors at 3,575 rpm, similar to the 24-inch-line motors 


motor construction, is the provision of flood lubrication 
by a shaft-driven oil pump. Like the 24-inch-line motors, 
these units are co-ordinated as to mounting dimensions, 
so that all main pump motors on the 20-inch line are 
mechanically interchangeable, regardless of manufacture. 
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A principal feature of the — 
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nits in series to handle 235 ,000 barrels per day of gasoline 


leveloping a total pressure of approximately 750 pounds 
er square inch. 


tation designs lie in the system of station control, occa- 
ioned largely by the greater precision justified in procluc ti 
ine operation to minimize contamination between prod- 
cts. The suction and discharge valves of each pump are 


alves, is controlled by a single “‘start-stop”? pushbutton. 


ure are used somewhat more extensively in the 20-inch- 
ine stations. In addition to low-station-suction-pressure 
and high-station-discharge-pressure protection, there is a 
pressure relay connected immediately upstream of the 
tation throttling-control valve. If excessive pressure 
occurs at this point, this relay stops whichever unit is 
perating as the final unit in the station, and, if pressure 
conditions are not restored to normal within some three 
econds, then it proceeds to stop the next unit in time 
equence, and finally, if abnormal icons still persists, 
t stops the remaining unit. 

/ _ Temperature-actuated re- 
ays are employed in all 
>ump casings, pump bear-' 
a and motor bearings, 
val on the motor windings. 

; Figure 9 shows the method 
of installing the pressure 
and temperature protective 
he associated with equip- 

vent in the pump room. 

it will be noted that each -' 


MOTOR ROOM 


mae 
= 


h ne pumps are single stage, 14 by 12, operaiine tives | 


The principal differences in the 24-inch and 20-inch | 


notor operated, and the complete pumping unit, with 


Protective relays actuated by pressure and tempera-— 


TEMP. & © 
PRESSURE 


at i 4 5 ‘ 
i 7 .- 
7 5 } * r 


_ effective station increment pressure initially to substantially 
the value that existed before starting the unit. Then the — 

_ station increment can be raised gradually by reduction in 
throttling, thus making the additional pump pressure 
effective on the line with minimum hydraulic disturbance. _ 
This procedure avoids shutdowns during starting opera= 

_ tions, that otherwise might result from pressures exceeding 

_ the allowable range with consequent functioning of the my 

_ protective relays. i 

Nerve center for all these control operations and pro- 
tective functions is the station control desk and the as- 
sociated sequence-control cabinet. Figure 11 shows how 
the several circuits from the pump and motor Tooms— ie 
from the lockout push buttons, the motor operated valves, — 
and the protective pressure and thermal relays—all con- — y. 
verge in the station sequence-control cabinet. In it are — 
assembled the necessary relays to translate the incoming 4 
impulses into proper action by the switchgear, valves, z-> 
auxiliary blower controls and, when necessary, the station of 
alarm. At the same time the station sequence-contrel _ 
equipment sets up proper circuits to the control desk to 
keep the operator informed by indicating pee as to the 
functioning of the various apparatus. <a 


‘From the station ue se 
desk all major operations of 
station control are per-— i 
formed. Installed in the _ 
partition between the control ¥ 
room and the pump room, 
it is surrounded by a large B 
glassed area permitting: view. ip 
of the pump room and | 
motor room. To facilitate Ee 
this view, the gauge-panel 


An 
2300.V. SWITCHGEAR 


RELAYS 


relay is in an. sepigso 
proof housing. 

In general each protec- 
‘ive relay actuates circuits 
fo perform three functions: 
0 Sound an alarm. 


Kei Bevcrpize an indicating light 
é i fentif 
1 y the protective device 


. Certain relays provide alarm and 
ighe Riga only, Teawing corrective action to the operator. This is 
rue in the case of high temperature in motor windings, high level 
| 2 the sump to which gland leakage is drained, and low air supply 
a pressure controllers. 


"The scheme of control for hens these functions 
s shown in Figure 10. Because of the unusual interest 
n this control, this ar ne of more than ewal detail, is 


A feature in line with recent practice: on other products 


sipe lines is the provision for throttling at the station dis- 


sharge under automatic control by pneumatic controllers. 
This system is designed to throttle the station discharge 
when necessary to maintain ‘the station suction pressure 
ibove a predetermined low limit, say 30 pounds per square 
nch,. or to maintain the line pressure beyond the station 
lischarge below a predetermined pressure, say 800 pounds 
Der square inch. This system is also useful in bringing 

aping units onto the line, as it provides regulation of 

€ maximum station discharge pressure to the discharge 

ontrol instrument setting. When a unit is placed into 
rvice, this setting can be etiee ace to limit the 


<£ 
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Figure te Typical conduit layout for power and control wiring 
in a 20-inch-line station 
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section is designed low, so — 
that the operator can look — 
over the top of the unit. y 
’ The gauge-panel section iF 
a consists of a compartment eo 
having rear doors opening — 
into the pump room to per- oe 
- mit servicing the hydraulic a 
instruments. The front is ae e 
panel surface facing the control room, on which the instru- 
ments are mounted with gaskets. ‘This gauge-panel com- — 
. partment is gasketed into the partition to prevent seepage 
of hazardous vapors into the control room, and, as an addi- — BS 
tional precaution, the control room is kept under a small S 
pressure of clean air drawn from the ihe: of the building. ae 
vom 


CONTROL 


i 230V. POWER’ 
DISTRIBUTION 


\ 


pasta enabon consists of: aes’ f 


! ine 
pgasa pee ele: and recorder, ; +A 
Suction-pressure indicating gauge. : sa P 
Pressure gauge for air to pneumatic controllers. : oid 
Air-pressure-regulator adjusting valve. a wa 
Clock. : a 
Discharge-pressure indicating gauge. ack 


Discharge-pressure controller and recorder. Ph 


A horizontal surface bélow and at each end of the gauge ‘ ” 
panel provides writing space and accommodates the sta- 
tion logsheet. . a 

The electrical section of the ‘control desk is a separate 
unit isolated from the gauge-panel compartment, located 


7 . 


in Wot 


“A 


entirely within the control room, mounting push buttons 


and indicating lights for the master station control. The 
desk-top surface is a sheet of transparent plastic, backed 
with a schematic design of the main piping within the 
station, and showing the main-line valves, pumps, and 
driving motors. 

From a single “start-stop” push button, the operator 
controls each pump unit, the valve motor control and 
pump motor control automatically functioning in proper 
sequence for starting up and shutting down. Indicating 


lights in the desk-top diagram show the valve positions, 


and small illuminated arrows show the actual course of 
the stream through the station piping in gOcOn IGS with 


_ the particular units operating. 


_ making the most skillful and 


- terials and of human effort. 
War has not changed this 


If trouble should develop at any of the ree 
locations, a small red indicating lamp appears at the 
appropriate spot in the station diagram, and the operator 
is given an audible signal. In addition, certain of the 


protective devices automatically shut down the particular | 


unit involved, or the station. In each case, the audible 


_ signal continues until it is silenced by an alarm cutout . 


button, and the particular indicating light burns to tell the 
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[TN ITS BROAD and direct 
sense“engineering”’ means 


efficient use of available ma- 


fundamental conception. 

On the contrary, it has ac- 

centuated its importance. 
‘As compared ‘with other 


nations, the United States 
-has been rather lavish in its past use of natural resources 


—primarily because there were so many and so much 


_ of them, and because they were considered “cheap.” 


It has come to us as an unpleasant surprise that in this 
total war even our resources are being stretched to the 
limit, or even beyond this limit. 
fortunes of war have deprived us, either fully or in part, 
of many other indispensable materials around which a 
number of our industries have been built. 

It wa’ a peacetime saying that an engineer should 


- 


Essential substance of an address presented at the Northeastern New York War 
Production Conference in Schenectady, N. Y., April 15, 1943. _ 


L. A. Umansky is assistant manager of the industrial engineering department, 
General Electric Company, Schenectady, N. Y. 
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; The electrical pay tt is ae that bee the me pr 


- Engineering i in Wartime a 


Our engineers and laboratory workers are 
pointing the way toward the salvation, 
conservation, and replacement of critical 
materials needed for war production, says 
this industrial engineer. 
developments the quality of American in- 
dustry’s products has’ not suffered, 
many lessons that will be useful in peacetime 

have been learned.. 


Furthermore, the ~ 


» t.. Wecan substitute for them other, more readily av 


: ; na “Tew: 
eatin exactly ere i trouble - is 


guished by manual reset at the 
tion, when the trouble is cleared. , 

This desk and the associated system of contro 
simplify the duties of the station attendant, inc 
reliability of station operation, and facilitate loca 
the trouble spot in case of abnormal shutdown. ‘Ck 
continuously the pulse and the temperature of 
cebu els the desk has been called appropriately, ‘ 
line nurse.’ 

~ The sieges oe the ond two Boe pipe i 


and in We eos linea of work nil pe, T 
accomplished these things in the time involved is inc 
tribute to the oil industry, its engineers, and all ass 


to ae the prime power, ‘bal lke to assist in x the’ 
tion of control which has contributed and will con 
so greatly to the performance of the job. 


i 
~ a 


take eS two 
and yet get the sam 
ter, results. Now, 
economy of war and | 
ity, the dollar cannot 
be considered as a, 


Through their 
and | 


} 


; tant than to save ; 
of silver or gold. In short, our engineers are 
first of all, with the task of stretching our sup 
making one pound of copper, rubber, or tin do the 
of two or more pounds. © aly 

There are three ways in which critical materia. 5 cal 
be saved: ex ; ieee 


materials. ‘ 
2. We can work available ere harder. be , 


3. Wecan use available materials more skillfully. 


1 


- Obviously, we can combine all three inetouaen 
How successful have been the engineers in fu 
this task? True, the time is not yet ripe to answer. 


ELECTRICAL, ENGINE 
ee: os 


, 
u hs ae 


= = - -* —* 
ey g ne 


question in full. 

and. the partial accomplishments. .Being an electrical 
engineer, naturally I will illustrate this point by cases 

taken from the electrical field, even though other in- 
dustries have done equally as well, I am sure. 

The list of critical materials requiring wae is 
long indeed. Aluminum, to cite a random example, 
rf stands high on this list. Aircraft obviously has a first 

call on this metal. Until the aluminum expansion 
_ program is completed, sometime in 1943, the electrical 
industry will not have all the aluminum it would require 
normally. 
squirrel-cage rotors could be copper, of course, but 

copper is as scarce as, or scarcer than, aluminum, and 
making rotor copper windings would require far more 
labor, which is becoming the scarcest item of all. Re- 


fore i is being widely used. 


ployed formerly to get lightweight moving parts or to 


_ obtain» an easily manufactured design, such as die 


Casting. Many of these moving parts are now made 
tg of steel—and by thinking and working harder, the 
' engineers and draftsmen have succeeded in most cases 
_ to change the design so as to maintain substantially the 
same weight. 
p stitutes. By these and similar steps, one electrical 
manufacturer alone has reduced his annual consumption 
_ of aluminum by some 8,000,000 pounds. 
ae Lo: cite another example, the shortage of tin has 
_ hurt production primarily in the manufacture of babbitt 
for bearings. Our prewar standard called for a com- 
‘position containing 83 per cent tin. 
lead-base babbitt was not nearly as good. After in- 
_ tensive research work, a high-grade lead-base alloy was 
found which answered the purpose. 

one manufacturer alone, will save over 200,000 pounds 
“of tin per year. ee 

_ A few others of the thousand and one critical ma- 

_ terials for which substitutes had to be found are chrom- 

ium, nickel, and nonmetals like tung oil, shellac, mica. 

_ Thanks to engineers and laboratory workers, this work 
has been done; the quality of American industry’s 
"products has not suffered, and many lessons that will 
be useful in peacetime have been learned. 

But by far the most important material, without which 
Rise electrical industry could not exist at all, is copper. 
And copper is scarce. In a “normal” prewar year, 
an average of 2,000,000 tons of copper was used in the 

‘United States. About 40 per cent of this amount has 
been used for current-carrying purposes, that is, in elec- 
trical machinery, transmission and distribution lines, 
in radio, telephones, and telegraph. The domestic 
_ production of copper has not been increased materially. 
Imports ‘from South America are subject to shipping 
_ difficulties. Hence, our supply of available copper 
definitely is limited. At the same time, the amount 
of electrical apparatus manufactured has been more 
than doubled and the copper requirements for other 


» 
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But we can plainly > see the trends” 


An alternate for the cast. aluminum in 


| claimed aluminum, not ‘suitable for airplane con-. 
struction, but with all Bond electrical propGaies: there- 


In many types of equipment, aluminum was em-. 


Zinc die castings also are used as sub- 


Conventional 


In this manner, 


_ in copper means to our war effort. 


war matériel have grown by leaps and bounds. Hence, 
the strictest economy plainly is indicated ae should be 
enforced rigidly. 

' Let us establish clearly in our minds what the saving 
We are so used to 
large figures that a saving of one ton of copper in a 
large project may sound picayune and not worth the 
engineer’s time. - What is a ton of copper? At 12 cents 


-a pound, 2,000 pounds is only $240. But these 2,000 


pounds will make 80,000 cartridge cases for machine 
guns or rifles. Even if only one per cent of these rounds 
of ammunition reach their goal, there will be 800 fewer 
enemies facing us, and the end of the war will be that — 
much nearer. Therefore, it is not the cost of copper 
that counts, but its availability. A market quotation is 
a poor yardstick to measure our effort in wartime. == 
The. use of silver instead of copper in several war 
plants is one of the best illustrations of this point. Silver : 
is approximately a seven per cent better conductor than 
copper, but it costs about 60 times as much. In normal 


_ times, its use has been limited to such relatively small 


_ but important parts as contacts of breakers and switches 


_ An up-to-date electrochemical plant—such as used 


per cent of our annual copper consumption. 


and the like. The bulk of our silver reserve was buried 
in government vaults, useless and sterilized. . 
War necessity forced on us a common-sense decision. 


to produce aluminum or magnesium—requires a 
tremendous amount of electric equipment. For in- 
stance, a so-called electrolytic potline, capable of _ 
producing 30,000,000 pounds of aluminum per year, — a 
requires 60,000 amperes of direct current at 650 volts. 


_ As much as 1,000 tons of copper would be needed to Ae 


carry this heavy current from one electrolytic cell to é ¥ 


' the next one and then back to the rectifiers. Aluminum 


could be substituted for copper but we need this metal a 
badly elsewhere. And so, silver was taken out of its ‘o , 
prison, rolled into heavy bus bars, and put to work. It 
is revealing to watch the construction men cut and trim — 
these silver bars, and throw them around, seemingly . 
without any respect, as if this were mere copper. True 
value shows up in an emergency. Se 

But, interesting as this experiment is, we should not 
look to silver as an answer to our copper problem. k 
Our supply of silver is large, if measured by the silver 
standards, but it is a drop in the bucket, less than two 
In other — Be 
words, we still must depend on copper to carry current. . 
The problem of stretching our panes supply is‘still =28 
with us. 

The néxt engineering step is obvious. Can we work 
our materials harder? Shall we temporarily discard 
our natural tendency to be conservative, and to play 
safe, in our designs and planning? The engineer’s 
answer is a straightforward. one.—Yes, let the equip- 
ment be overloaded if need be during this emergency. 
Let a 100-horsepower motor carry a 115- or 125-horse- 
power load; let the transformers, generators, cables, 
switchgear, and control carry an additional burden 
while the war lasts—just as our men and women in 
the services are doing and as our men and women on the 


4 
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re ogee % 4 5h ee st TRAE ss : 
| This is the under- — 


home front are expected to do. 

_, lying idea of the War Production Board rulings on this 

Hh, subject. In this way, more useful equipment can be 

manufactured from the materials on hand and more 
materials will be left for the fighting services. / 

A certain amount of sincere opposition to this policy 


& i 


was naturally encountered. Would not this overloaded — 


equipment be less reliable? Would not the resultant 
failures be more costly, in terms of lost production, than 
_ ‘the realized savings in materials? At this point, common 
‘sense should be resorted to, as it is in all engineering 
problems. 
; A motor, overloaded as seNoanmientiadt: ate have a 


By "should be ample to cover the expected duration of the 
war. But within this life span, the expectancy of 
_ troubles and failures is not increased necessarily by the 


a ‘recommended heavier loading. 

of this type makes sense. On the other hand, we may 
i fe 
a 


_ deal with a turbogenerator or a main transformer 
well past its prime of life, but still going strong. Over-) 
a2, loading such a machine might invite trouble due to its 
} 
ey hei 


A failure might result in the shut- 
It would be poor 


aged insulation. | 
down of a whole industrial area. 
engineering judgment to foster overloading of this kind. 


_  ' The greatest engineering contribution, however, is 
a not only in finding alternates for critical materials, not 
cis only in working them harder, but in using them more 

i 


-, skillfully and. efficiently. 
| im .as nothing else had done before. 
(ae instance, the field of electric-power 
Bi ‘industrial plants. 
= electric power would be brought to an industrial plant 
a eat high voltage, stepped down at the plant boundary 


Let us take, for 
distribution in 


e the plant at this low voltage. No copper mine in the 
a os ‘world contains as much copper as is buried in the 
i: cables and conductors in our industry. Copper was 
fi ; cheap, there was plenty of it, and font people worried 
_ over such waste. 
a Engineering analysis, “applied to this problem, has 


. _ shown convincingly that immense tonnages of copper | 
3, can be saved by distributing power at high voltage 
fs (up'to 13; 800 volts) within the plants and by stepping 
ce it down to utilization voltage at several load centers, 
to through the use of relatively small transformers. In a_ 
i : z typical plant, with a 300,000-square-foot floor area 
- - and a load demand of about 3,000 kw, as much as 
My 10,000 pounds of copper (the equivalent of 400,000 


cartridge cases) can be saved by this method alone, 
__ without even attempting any overloading of the cables 
or the transformers. And, incidentally, a better operat- 
ing system, with closer voltage regulation and with 
smaller losses, will be obtained. This is not a trick, 
| it is merely the old story of making one pound do the 
+? work of two. 

Or, let me cite the case of testing aircraft engines. 
Each engine is loaded and run for several hours to 
‘make certain of its performance in the air. The en- 
gines are rated up to 2,000 horsepower and use high- 


4 


10 


It was not unusual to ‘find that 


_, Shorter life, say 10 instead of 20 years, but this life span. 


Hence, overloading ‘ 


s 


War has stimulated this activity © 


to the motor voltage, and then distributed throughout 
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; of such Cae rucnees can be caeals iI 
_ branches of industry. . 


side with the best engineering will win. | 


_ needed quickly. The electrical industry cov 


ees engines ‘ait ied on é 
literally throw the Piglnsc ee 
pore suelo 


Navceetht for a cia tea Teall a 
were eae in this ig as sels as 


75, 000 Fees tons of nl sole Rawe iG ee 
transported. At several engine factories, 
per cent of the energy a to deperaie 


other industries sg gHOUE requiring  Aaaaonal 8 
and transmission equipment. 
pe, this is 3 not a mere > trick, — eng 1 


Pee See Fiaie as a — eee 1 


Naa to win thie war. eae wee pe 
engineering developments and © 
be stopped during the war, 
should be stimulated... This cae ‘mor 
in history, is a war of machines, of 


Remember, also, that this is a total 


Nicene an. engineering ; study, 0 or even a = 
development. . 
vey large steel mill in ‘ie Pittsburgh territory. is 
100 per cent on war orders. It generates its 
cycle power. Increased production resu 
shortage. A public utility was ready to 
shortage, but its system operates at 60 
-20,000-kw frequency-changer set was ne 


such a | set ne the needed time puke e the 


the like. Yet the bert © haa to be so ae on 
electronic frequency changer was conceived, develor 
and is See rushed to seen a aeeg 


hme important even in neous 
and directly connected with the war effort. 

Such cases could be cited without end. 
the tremendous engineering developments 
with aircraft, iors ae eo and other 


He in Bieeinkes new trails, trying new idee I 
ing into the unknown. In this venture, cO0-0 
effort is needed as never before. United \ we 
complish so much more than we can inc 


i fia 7.) © Soa ' 2 * eee d 
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Physical Metallurgy of Copper 
- Base Alloys 


and Copper- 


Pp. H. BRACE 


NOPPER has been prized 
NAA in all ages because of its 
avorable working character- - 
stics. Pure copper can be 
old+ worked to an astonishing 
legree and may be effectively. 
annealed at moderate tem- 
peratures. These facts are 
Illustrated in a quantitative 
way by Figures 1 and 2 which 
now the effects of cold-rolling 
and annealing on the yield 
strength of high-conductivity oxygen-free copper (copper 


electric apparatus. 


ad Bunn (page 11, chart 26, and page 12, chart 31). 
- From this it may be seen that the yield strength may be 


that annealing is practically completed by heating for an 
nour at temperatures as low as 375 degrees centigrade. 

From these data it may be seen that fairly good elastic 
strength may be conferred on pure copper by cold-working 
_ It is also apparent that a large part of this strength 


peratures. 
ete low. 
oe Early workers in copper were aware of the fact that the 
esponse of copper to cold-work and annealing was not 
iniform. In more recent times it has been found that 
quite small amounts of certain metals in solid solution in 
sopper would alter profoundly its response to arineahng 
after cold-working. 

In modern electrical apparatus 
eached by buried copper may be so high that the thermal 
endurance of pure copper is inadequate. Consequently, 
e effects on thermal endurance of small amounts of 


That is, the thermal endurance of pure copper 


apparatus. 

_ Silver, even in quite small quantities, considerably in- 
eases the thermal endurance of cold-worked copper and, 
ortunately, has little effect on electrical conductivity. 
figures 3 and 4 show data given by Gregg? on the effect 
of various small amounts of silver on the thermal endur- 
ince of hard-drawn copper wire. Moore,’ in a discus- 
ion of the effects of temperature on overhead transmis- 
yn lines, presents data to show that at 100 degrees centi- 
rade silver-free copper wires soften almost completely in 
00 100 days.. ; 

sential substance of a conference paper presented at the AIEE national technical 

eting, Salt Lake City, Utah, September 2-4, 1943. 
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The physical metallurgy of copper and some 
of its alloys is of particular interest to electrical 
engineers, since copper is used so widely in 
Illustrations are given in 
this article of certain basic metallurgical 
‘phenomena determining properties and. per- 
formance of some of the more specialized 
alloys with particular reference to the effects 
of elevated temperatures. — 


99.94 per cent phosphorous nil) as reported by Wilkins 


nereased by approximately 5 to 1 by cold-rolling and | 


components, such as slip rings, spot-welding electrodes, _ : 
sily may be lost by prolonged exposure to elevated tem-+ _ 


the temperatures 


al loying elements has received a great deal of attention. 
rom those interested in the design of high-duty power | 


Arsenic and more recently 
tellurium have been used to — + 
improve the thermal endur- eo 
ance of cold-worked copper. — Si 

- The effect of the latter ele- a: 
ment may be s seen by compan pe 
Bunn, page 25, chart 69) aude 7 

- Figure 2. The presence of 
0.45 per cent tellurium has # et 
pushed the “knee” of the | P 
curve yield of strength versus a 

annealing eh erature for one-hour anneals from approxi- — fl 
mately 290 degrees centigrade (554 degrees Fahrenheit) to ~ 

320 degrees centigrade (608 degrees F ahrenheit) an in- 

crease of 30 degrees centigrade. en 
These gains in thermal endurance are helpful in deal- 4 

ing with the effects of usual operating temperatures. — 5 

However, something more is needed when higher tem-— ¥f oa 

peratures must be dealt with and where both electrical n 

and mechanical duties must be performed by machine . a 


J 
x 


and fuse clips, for example, where high conductivity: is B 
required, m: 


’ This “more” has been found by the metallurgist in a 
precipitation-hardening alloys. These are distinguished eae 
from the solid-solution alloys, for example, the dilute ye 
alloys of copper with tin, zinc, and nickel, which constitute — 4 
the bulk of the standard engineering alloys of copper. __ ue 

_In a solid-solution alloy the atoms of the solute metal — 
replace a proportion of the solvent atoms without dis- i" 


- turbing greatly the crystal-lattice characteristic of the 


solvent metal. The alloy generally is harder than the | «Nh 
pure metal. Unfortunately, when the alloy atoms are in ; is 
solid solution they exert their maximum effect in’ decreas- 

ing electrical conductivity. _ ie gain in strength arising ‘ 
from alloying is usually much less in proportion than i is 4 
the loss in conductivity. 

In precipitation-hardening ‘alleys the solid-solution con- i 
dition is stable at high temperature but not at low. If Abe 
such an alloy be quenched from an appropriate elevated © 
temperature, the solid-solution condition may be retained 
at room temperature. This condition is unstable how- 
ever, and, if opportunity is given, as by reheating and 


‘holding at an intermediate temperature, the solute atoms 


will group themselves to form more or less definite crys- 
tallites within the mass of former solvent metal. This is 
the “precipitation” phenomenon. The tendency is for 
the solid solution to become transformed to a mechanical . y 
mixture. It appears that in the early stages of the pre- 


_ cipitation process the solute atoms migrate into positions — 


which cause sufficient disturbance of the regularity of the 
solvent lattice to affect markedly the mechanical properties 
in the direction of increased hardness and.elastic strength 
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Table I. Physical Constants of Copper 
(Chemical symboll,f 2 225 325 Ls ate 0 relate tiara atom rere ries nin! arene meal gle St ar cae ee 
Itomic number’ ..c. of aioe 5 cole os = 8laie 8 a wre alee w Nsiciolay nei no's oid! She gir air eels» ie ne 
Mean atomic weight... ....-).+--2++--e rere es gr isialnveie welbibinis n nies > meine 63. 
Atomic Atomic Abun- 

’ § Number Weight. dance 
Taotepet es lee ae ee pale cieke tose bole Inala oem leroy ni DO Ma wteaats GSc tee niateys weet 

ore ‘ las Hoepe tos (Sayre ae Mas 6 32 
_ Melting point (degrees centigrade) .....-.-++++esse seahorse HA SRRCRE X09 et 
Boiling point (degrees centigrade) ..---.-- 6st eeeee eee peer cee seer nr es? 233 
Density (grams per cubic centimeter) eee Sey oe oo wih, eins Rerareeh 8. 94 
Crystal type... --- 2.2. s eee tee te eee eee ert e eee eeeeee Face-centered cubic 
Size of unit cell Paap eee SAL ton fhe Agile ABtere 3.6077 X10-8— 
Thermal conductivity (watts per square centi- (3.82 at 0 C 
. meter per centimeter per degree “centigrade per > .....22200 eee 3.81 at 20C 

centimeter, 20 C 3.72 at 200 C 


Electrical resistivity (chm-centimeters, 20 Ge wicieie skein eat sae ae aie + 1,682 106 
Temperature coefficient of electrical resistivity 


ohms per ohm per degree centigrade......-.-++.sseeeeeeeeertee Jane 2 0.00399 

Wiedemann-Franz ratio, 20 C, Ge is). Bachar o tv oie airs ie he faites sigs PREIEY® 21D KO Te 
(See Figure 24) 

Thermal expansivity (millionths per eleueee centi- 15.89 at OC 

grade)... - 66sec eee eee eee teen d Beiiioaertes 3 16.12 at 20C 

J A 18.16 at 200 C 

lawactic anaceppbility. 024». «os acta 2- ++ +00 ccs «fe cecwenv aden —0.085X10-5 


Table II. Mechanical Properties of High-Conductivity Oxygen- — 


spy’ Free Copper Strip, 0.04-Inch Thick! 


- 


. “¢ ; : ; Hard Soft 

Tensile strength (pounds per square inch)...... neeey 5 50,000-56,000 32,000 
_ Apparent elastic limit (pounds per squareinch)........... 38,000—43,000 3,000 

Yield strength 0.5 per cent extension (pounds per square 

HOD) Gia ae ktgoc And Gag Ao ons thot Bite preva. Noiettert , -»47,000-55,000 8,000 
‘Yield strength 0.2 per cent offset (pounds per square 

DIGI tseanticeerhe wae pret via lelsieraiane accissens da atesiaie na oT; 000= 54, 000 , 6,000 
Yield strength Of per cent offset (pounds per square 

TIMED) eteielgi cele asta erat aip iets) iden st Sota s Rye arelahs ale Wells a, 3) aeySielaas AS, 000-52,000 6,000 
_ Elongation, per cent in 2 inches............--++-+0-40- 3 43 
Hardness, Rockwell B, 1/1s-inch ball 100- -kilogram | load. 53-59 

16,000 000 


- 


“Young’s modulus of elasticity (pounds per square inch).. 
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Table Il.. Mechanical Properties of Aged Copper-Chromium 
; Alloy 
% c Aged and 
Aged Cold-Rolled 
"Ultimate tensile strength............. BODO Oe teat wean a 64,000 
Apparent elastic limit................. AQQ00 nes Leys, tei at 50,000 
Elongation in 2 inches................ - 30 Per Genta den sek 15 per cent 


aa 
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of the alloy; that is, the hardening effect per solute atom 
~ is then much greater than for the solid- ‘solution condition. 
At the same time the obstructive effects on current flow 
are decreased. . 

In some cases the net result is a large increase in both 


mechanical strength and electrical conductivity as com- 


_ pared with those of the quenched alloy. If the precipita- 
tion process is carried too far, the crystallites grow, and 
the special hardening effects associated with their initial 
extremely minute size disappear. 
merely as so much finely divided foreign material in a 
plastic matrix: The alloy loses most of its extra hardness 
and becomes rather uninteresting. _ ; 

In the electrical field precipitation-hardening ee 
are displayed to special advantage by copper-chromium 
and copper-chromium-silver alloys in which the chrom- 
jum and silver contents may lie in ranges between approxi- 
‘mately 0.3-1.0 per cent and 0-0.1 per cent, respectively. 
The valuable properties of these alloys arise primarily 


from the chromium, the silver, when used, acting as a. 


useful auxiliary. 


Figure 6 shows the effect on electrical conductivity of - 


increasing the amount of chromium in solid solution in 
copper by ppuebres a fully precipitated 0.85 per cent 


12 


‘. Figure 1. The effect — 
_of cold-rolling on the — 
yield 


=O) 


@® 0.50 per cent yield 


hours at 450 degrees centigrade (842 degrees 


conductivity condition is enormously greater 
thermal endurance remains high, — mt 


silver are shown by Figures 8 and 9 which 


long been known that it is difficult to obtain 


_ noticeable in ferrous alloys. 
Then they behave 
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strength of 
oxygen-free copper 
strip (no residual 
deoxidant) _previ- 
ously annealed to a 
grain size of 0.015 
millimeter (99.94 
per cent copper— 

0.040-inch stock), 


THOUSAND POUNDS PER SQUARE INCH 


? 


@® 0.10 per cent yield 
strength (offset) 
0.20 per cent yield 
strength (offset) 


__ strength (extension) 


copper-chromium alloy from various solution er 
tures. The decrease in conductivity from 85 to 33 a 
cent is striking. Quenched from 1,000 degrees Cc 
this alloy would show an apparent élastic limit | 


+ 


than Pee ee per square ate cos tae 


oka uneaicn or “aging” process at £450 ae 
are shown by Figure 7. Both hardness and condu 
rise, and both are still increasing after more th 


The aged alloy will show approximately 
properties given in Table III. Despite the it 
strength the ductility remains relatively high. — 

The thermal endurance of the alloy in ewe 


of any copper-base . solid-solution alloy of 
strength. Even when cold-working is utilized 


the strength of the precipitation-hardened 
' This and the beneficial effects of a arnall. 


effects of cold-work and tempering on the hz 
precipitation-hardened ne and 
chromium-silver alloys. 


is a es TS, i the pe oy 


anneal of lightly cold-worked copper. Similar ef 


Beryllium-copper alloys exhibit precip’ itation- 
effects similar in character to those previously 
but of different magnitude. In this case not all 
ing metal (beryllium) can be precipitated. 
precipitation-hardening effects are superpose 
solution-hardening effects of the residual beryllium 
solid solution (the latter are unusually large for abt 
solution). with the result that the tensile properties ar 
higher and the electrical conductivity sae i 
for the copper-chromium alloys. ‘ 
' Figures 10 and 11 after Rimbach4 hae ie , 
characteristics of beryllium-copper alloys. 

Precipitation-hardening characteristics inter 
tween those due to chromium and to bery. 
the addition of pene se two per cent gigs 


Lp = 


a 
ane 


Figure 2. The ef- 60 
fect of annealing on 
the yield strengths 
of oxygen-free cop- 
per strip (no resid- 
ual | deoxidants) 
previously cold-. 
rolled to number 6, 
B and S gauge, (50 
per cent reduction 
of area) from a ma- 
terial having a grain 
size of 0.015 milli- 
meter (99.94 per. 
cent copper—0.040- ° 
inch stock) se "ANNEALING TEMPERATURE — DEG HA 
‘ (1 HR AT TEMP) ° 

@ 0.10 per cent yield strength (offset) 

@ 0.20 per cent yield strength (offset) 

@ 0.50 per cent yield strength (extension) 
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THOUSAND POUNDS PER SQUARE INCH 


TEP 
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and iron to copper. 


of the electrical and mechanical properties of such alloys 


is given by Figure 12 which shows the hardness and con- ~ 


ductivity as related to heat treatment for copper-chromium, 
copper-iron-cobalt, and copper-iron-cobalt-beryllium al- 
ys: 


CREEP AND FATIGUE IN HIGH-STRENGTH HIGH- 
S CONDUCTIVITY ALLOYS 


Ao far attention has been directed to the properties ats 


room temperature as affected by alloying and thermal 
and mechanical manipulations. The electrical designer 
is becoming more and more concerned with the behavior 


at high temperatures of his materials when subject to’ 


sustained as well as repeated loading. 

Davis® has recently published the results of a careful 
investigation of the creep of oxygen-free high-conduc- 
tivity copper at various temperatures and over fairly long 
test periods. 


Davis describes the Er epanenos of his material as 


follows: 


eXpproximately 60 lengths of 
oxygen-free high-conductivity _ 
copper, each 4 ft. long 0.2 in. 
diam., were obtained from the 
Scomet Engineering Com- 
pany. - The rods were packed 
ina steel channel] beam and 
annealed at 500 C for one 
hour. About one hour was 
required for the heating 
period, and several hours were 
equired for cooling in the 
urnace. The annealing was 
done in an atmosphere of 
itrogen which had been 
sassed over hot copper chips 
wnd activated alumina to re- 
nove the moisture and oxy- 
yen. The annealed copper 


TENSILE STRENGTH — THOUSAND POUNDS PER SQUARE INCH 


ippeared fairly clean and had SILVER—OUNCES PER TON 
. ae Figure 3. Tensile strength of 


24-gauge (0.020-inch) wire an- 
nealed for two minutes at tem- 
peratures shown 


‘Each bar was prestretched 
per cent before it was tested. 


asivan 1944 


. ‘ 


Beryllium in small amounts: gives: 


d 50 
higher hardness and lower conductivity. A general idea. py Pe fies 


from various tem- 


TENSILE STRENGTH — THOUSANDS 
OF POUNDS PER SQUARE INCH 


-60 80 100 120 140 160 
TIME — DAYS 


Figure 4, Effect of silver on softening of 16-gauge wires at 150 


degrees centigrade 


The figures on the curves indicate the number of ounces of silver per ton of — 


copper which the wires contain 


Figure 5. The ef- 
fect of annealing on 
the yield strength of. 
tellurium copper rod 
previously —_ cold- 


(reduction of area) 
from material having 
a grain size of 0,025 
millimeter (0.45 per 
cent tellurium, re- 
mainder ‘copper— 
rod under one inch 
in diameter) | 


THOUSAND POUNDS PER SQUARE INCH 


1000 ~—:1200 
ARNERCING TEMPERATORE — DEG F 
(1. HR AT TEMP) ; 


@ 0.10 per cent yield @ 
strength (offset) @) 


0.20 per cent yield strength (offset) 
0.50 per cent yield strength (extension) — 


Figure 6. The ef- — 
fect of quenching — 80 
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Figure 7. The rise of hardness and conductivity during the 

first stages of aging of an alloy containing 0.8 per cent chromium 

(quenching temperature 950 degrees centigrade; aging tempera- 
ture 450 degrees centigrade) 
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ROCKWELL 8 HARONESS 


Figure 8. Curves of temperature versus 
hardness for Cupaloy 3144—0.40 per 
cent chromium, 0.007 per cent silver, © 
0,007 per cent silicon—tempered for - 
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_ Figure 10. Change ; in length, conductivity, and hardness of a 


> hepiadani beryllium-copper alloy with 2.5 per cent Par etry 
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_ The prestretching was all done at the same rate of strain. 
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Figure 11. Change in volume, conductivity, and hardness of a 


49 


quenched beryllium-copper alloy with 2.5 per cent beryllium 


on drawing at 250 degrees centigrade, 


The true 
stress at 8 per cent strain at room temperature was about 23,500 psi. 
All stresses used in the tests were well below this amount in order 


not to produce large strains at the beginning of the tests.” 


The high lights of his results are shown by Figures 13 
through 15. 


From the curves it may be noticed that creep rates in- . 
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Figiice 9. Curves of temperature versus 

hardness for Cupaloy 3145—0,36 per cent 

chromium, 0. 064 per cent silver, 0.005 per | 
cent silicon—tempered for four days 


Figure 12 (right). Comparer of precipi- 
tation-hardened copper alloys with cold- 
worked bronzes 


Davis. which show that ae amounts oe silver 


eed 
epoune per Ae inch was ay 1. 4x 


-mium-silver alloy at 19,000 pounds per squ: 


~ be no more ees 6.5 per cent of that estimated 
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16 shows some more eon nner 


With 0. 078 per cent Si gilee the ral 


copper. Even at 9,820 pounds per saledeet | the ra 
was only 1.5X10-7 inch per inch per hour. Th 
appears that silver greatly benefits not only th 
durance but high-temperature strength as we 
test data obtained by McVetty for 0.5 per ce 
chromium alloy are shown by Table IV. 
If we consider the data of Table IV for cop 


legtees see sual make the conservative 


stant cee the minimum creep rate <7 hace 


creased the creep resistance of copper rnc 
tions by 1,500 per cent with a loss of condu 
haps as little as ten per cent. Again there 
correlation between thermal endurance an 
| ‘The curves of Fi igure 15 were prepared by | 
summarize his creep results on high-cond 
free copper. The estimate of the minimum 
19,000 pounds per square inch and 100 de 
was made by interpolating a curve represi 
at 100 degrees centigrade between the exper 
determined curves for 80 degrees centigrade a 
“grees centigrade ' respectively. This interpol 
intersected the 19,000 pounds per square inch co-ord 
at a point corresponding to a minimum cr 
ee 7 inch ‘per inch per hour. This is. 15, 3 


‘fl | ; TIME — HOURS 
agate 13. Creep curves for prestretched copper at room) 
; temperature 
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“PLASTIC STRAIN — INCH PER INCH 
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by grade =. 
ae 3 
a uniform creep rate of 1.31078 inch per inch per hour 

or the copper-silver-chromium alloy at,19,000 pounds per 
square inch and 100 degrees centigrade. The measured 
minimum creep rate for the copper-chromium-silver alloy 
was 1.25X 10-8 inch per inch per hour. 


__ FATIGUE AND ENDURANCE OF COPPER ALLOYS 
- Brittle fractures sometimes occur in copper parts which 
by conventional tests show no evidence of subnormal duc- 
tility. Such failures are usually the result of “fatigue”’ 
under repeated stress resulting from. vibration or other 
cyclic loading. On the whole, the mechanical endurance 
of metals runs roughly parallel with tensile ‘strength, and, 
despite its high ductility, soft copper may fail by fatigue 
‘relatively low stress. For tough-pitch copper Wilkins 
and Bunn give the values of fatigue strength for 10° re- 
versals shown in Table V. : . 
_ Table VI shows data on tough-pitch copper annealed 
and cold-rolled and on a precipitation-hardened copper- 
chromium-silver alloy (chromium 0.5 per cent, silver 0.1 
per cent). ae 
_ The age-hardened copper-chromium-silver alloy has 
double the endurance of the’ cold-worked copper and 
approximately 90 per cent of its conductivity. . 
_ Figure 17 shows the results of several high-temperature 
fatigue tests by Toolin on forged heat-treated copper-— 
chromium-silver alloy. ; 


These results indicate that at 260 degrees centigrade . 


(500 degrees Fahrenheit) fatigue strengths of the order 

of 25,000 pounds per square inch at 108 reversals are 

obtainable. That is a very satisfactory figure and is. 
cially interesting in a high-conductivity alloy. 

_ Toolih’s tests were made in bending on round polished 

bars by means of a 120-cycle per second electrically driven 
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Figure 13A. Creep of oxygen-free copper at 80 degrees centi- 
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Figure 14. Creep of oxygen-free copper at 235 degrees centi- _ 
' grade Oe 
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Figure 15. Stress-creep-rate relations for oxygen-free. copper | 
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Figure 16. Creep curves for silver copper at 200 degrees on 

centigrade fae 4 
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Figure 17, Cupaloy endurance curve at 500 degrees Fahrenheit t 

As (260 degrees centigrade) ¢ 

720-cycle electromagnetic bending fatigue machines ‘ ; Ox 

Specimen: 0.505 inch in diameter a4 

Material: forged Cupaloy F> 


Heat treatment: water quench 1,000 degrees centigrade; aged 20 hours at ' 
450 degrees centigrade 
Tensile strength: at room temperature, 53,000 pounds per square inch; at 
500 degrees Fahrenheit, 35,000 pounds per square inch 
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Figure 18. Endur- 50 x108 ] 
ance limit versus 
tensile strength for 


copper-base alloys 
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B  Beryllium-copper strip, 108 cycles 
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Figure 19. The resistivity of monatomic metals 


The ordinates are expressed in ohm-centimeters  - 
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Figure 20. Tempera- 
ture dependence of 
the relative resistivi- 


The ordinate is the 
ratio of the resistivity 
‘at temperature T to that 
"at zero degrees centigrade 
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testing device. Temperatures and amplitude are con- 
trolled automatically, and loading is stopped automatically 
as soon as fatigue cracks start. Thus the fatigue process 
can be “‘caught in the act’? and the specimen removed 
for study before failure has become extensive. The rela- 


tively high stress frequency greatly shortens testing time, 


a point of considerable importance. 
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: Figure 21. T e 
| sistivity of copper 
| alloys per atom per 
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_ Figure 22. Curves of resisti 
versus temperature for a nu 
ber of copper alloys in 
range in which the resistin 
of copper varies linearly ¥ 
temperature : 
It should be observed that the resis 
tivities of the alloys are much highe 
than that of copper at low temper 
tures, implying very large resid i 
resistivities. The resistivit 


“ numbers indicate the atomic 
-200 -I50 -I00 -50 ~O +50 of the alloying metal (after I 
pig ae ie : 


Copper-beryllium alloys properly heat-treated 
remarkably high mechanical endurance and for this 
son are quite widely used for springs and other pa 
subject to repeated loading. .The electrical conducti 
of these alloys as heat-treated is about 30 per cer 
high enough to be interesting for electromechani 


_ It seems worth-while to emphasize the fact that 
relatively high ductility of copper and copper. 
is no guarantee against fatigue failure at notches 
quate fillets, toolmarks or other points of stress co 
tion. It is true that the more ductile metals w 
down by localized plastic flow in a way not po 
brittle materials. However, in high-speed appar. 
number of stress cycles rapidly mounts into.the - 
and the engineer, designer, and shop should be aler 
little circumstance that might cause a big failure. 
chanical stress is just as pervasive as electrical stress 
especially when oft repeated, can cause failures: 
point defects just as certainly as do electrical stre 
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ELECTRICAL AND THERMAL CONDUCTIVITY, _ 
TEMPERATURE, AND COMPOSITION 


With the exception of silver, copper has the lov 
electrical and thermal resistivity of all the e 
Figure 197 shows the standing of copper among the r 
as to resistivity at ordinary temperatures. It is 
to note the periodic rise and fall of electrical resi 
with increasing atomic number. , ey 

The effect of temperature on the resistivity of copper a 
a few other metals is shown by Figure 20.7 Despite the 
low resistivity, neither copper nor silver becomes a 
conductor at low temperatures.. Columbium, lead, 


zinc are conspicuous because of the relatively high 
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sratures at which they show superconductivity, namely 
22, 7.86, and 7.2 degrees Kelvin, respectively. 


nall quantities of a number of alloying elements in 
lid solution. The similarity of the reactions to alloying 
‘silver and copper is striking. 

The electrical resistivity of copper containing even 
mall percentages of other metals in solid solution is al- 
ays higher than that of the pure metal and appears to 
: composed of two parts: one, apparently characteristic 
copper, which is responsive to temperature; and 
10ther, due to the presence of the foreign atoms, which is 
aly slightly affected by temperature. These facts are 
ustrated by Figure 22°, where it may be seen that the 
opes of the various temperature-resistivity curves are 
proximately ‘the same whatever their level on the re- 
stivity scale. 


There is a rule of thumb which states that for most. 


etals and alloys thermal conductivity ‘is proportional to 
ectrical conductivity. How well this holds for a number 
f copper-base alloys is shown by Figure 23 based on the 
ata of Wilkins and Bunn. That this rule is not a law may 

= seen from Figure 24, reproduced from Seitz (page 177). 
lespite the abnormalities of some of the metals, it can be 


id that the thermal conductivity of the dilute copper-* 


ase alloys*for most engineering purposes may be taken 
; proportional to the electrical resistivity. This relation 
usually expressed by the Wiedemann-Franz law 


k 
T° (2) 
b-24 
Mn ae 
_— ' 6 = 
igure 24. The e 
fiedemann - Franz 50 baa 
itio «for = several. {40 . tien 
= metals % 30! ay 
¥ . x“ 
he ratio r (r=k/To) +20 
given in units in 10 
hich o is measured in ° : 
ms * centimeters, k 100 200 300 400 
. TK — 


measured in watts de- 
ees” 2 centimeters, and T is the absolute temperature. 


S value is 2.45X 1078 watt-ohm per degree” 
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tween thermal and 


tivity (after Wilkins 


Figure 217 shows the effects on silver and on copper of ‘ 


The theoretical . 


‘ 
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Table IV. Comparative Creep Data for Cupaloy and Copper— 
Estimated Stress for a Service Life of Ten Years 
= z 


: ’ Allowed 
Allowed  Elastic* Deformation Plastic Deformation Rated Stress 
Total at Rated Stress at Rated Stress (Pounds Per Square 
She (Per Cent) (Per Cent) © Inch) 
mation 


(Per Cent) Cu Cu-Cr-Ag Cu Cu-Cr-Ag Cu Cu-Cr-Ag 
or ee ee 


Oa yer N 3 OB si er URES Bear OG 5S stoi 0.4? 11,800... .19,000 
Lots) Basie OS eran (Oe Se Ao 8 O.A0Ss Oa eae 14,300... .27,800 
Ose «ihn O:1055,0. 8, O22 4 eee D645 t 0°53 soos 15,700... .33,400 
WOO cera craic ODS erase O25 0 Ge sic OLB 87. eats O37 924); 16,800... .37,000 


* Young’s modulus = 14.9 X 106 pounds per square inch. 


Table V. Fatigue Strength of Tough-Pitch Electrolytic Copper 


ann ememmmemmememeememememeeeeeeeeeeee 


Stress for Failure at 108 — * 
aoe Reversals Tensile Strength 
Condition (Pounds Per Square Inch) (Pounds Per Square Inch) 
Softin stilt Ret ree T1000. cai eant sad «+++ -30-35X108 
Hard, 2)B. andiSo 3. occ... 13,0002... ah skye oe ape tsees eee ae 40-45 X 108 
Hard, 8 B. and S,......... T45000 miguie varcp te oeroptae aerae 5-57 X 108 
Table VI. Fatigue Strength of Copper and Copper-Chromium- 
Silver Alloy | s 
Material ‘Fatigue Strength Relative Endurance 
Copper, annealed « :ii4 <<< (65). tas « o coe Heise atele S500 be es Se Ae 1.00 
Copper, cold-drawn 15 percent.............-.- 12,000 schis sapere 1.26 
Copper-chrorhium-silyer alloy (chromium : 
0.5 per cent, silver 0.1 per cent nominal).......21,500.............. 2.254 


- ’ . f 


where TJ is the absolute temperature, o is measured in 
ohms~! centimeters}, & in watts degrees~! centimeters—* 
and y is the Wiedemann-Franz ratio. The theoretical 
value of k/ Ta is 2.45 watt-ohms/deg.* 

Rearranging equation 1 and substituting the numerical 


value for y gives . \, 


k 
Seed & 
o ’ 

That is, the ratio of thermal conductivity to electrical 
conductivity increases with the absolute temperature. 
In other words, the temperature coefficient of thermal] _ 
resistivity is less than that of the electrical resistivity. 

In developing this article I have emphasized the ef- 
fects on copper of elevated temperatures and of small 


_ alloy additions, because it has seemed that in those di- 


rections lay, respectively, the more pressing engineering 
problems and the greatest possibilities of satisfactory 
answers. ; x 
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ot Effect of High- Frequency Fields on 
ee Micro- Organisms _ es 


HUGH ‘FLEMING 9. os 


HE MEDICAL USE 
. of high-frequency fields 
in producing artificial fev- 
ers has .been recognized in 
___ Europe for 30 years. Medi- 
* calmen in the United States 
have used short-wave dia- - 
__ thermy extensively for the 
a last ten years. The basic 
pattern of use involves the’ 
__ exposure to a high-frequency 
io field of an ailing portion of 


the body until the local temperature has been increased 
Heat is generated by the passage of eddy 


Pe. 
Res. ‘considerably. 


currents, hysteresis losses, and dielectric losses. 


The 


_bedause of the increased activity of disease-fighting com- 
ponents of the blood stream. Undoubtedly secondary 
effects exist; such as the outright killing of bacterial bodies 
unable to survive the rapid change of temperature and 
the rapid reversals of potential. 

_ Two general methods of enveloping the bodys in the 
wes ieRccuency field are used. The most common of 


ay ‘ these is placing the structure to be treated in the dielec- 


AS) ~The second method is to cause an inductive circuit to 
BP _ conform to the necessary dimensions so that it completely 


Bee rt -envelops a body part. 
5 _ play a large part, and hysteresis losses would seem to be 

large. The Fisher Scientific Company has made ex- 
os tensive tests on the relative heating efficiency of the two 


ici superior. 
_. Originally the value of high-frequency treatment of 
humans was credited only to the uniform and localized 


fever effects made possible. More recently, a study of the 
_ effects of short waves upon bacteria and other micro- 
sang organisms has shown that lethal effects are evidenced 
without appreciable rise in temperature. Haase and 
__ Schliephake reported that no comparison could be made 
between the temperature of water passing high-frequency 
currents of lethal value and the temperature of hot water 
required to produce the same immobilizing action.. This 


germicidal value. 

High-frequency currents between the limits of 9,000 
and 100,000 kilocycles are of recognized medical value. 
Generation is accomplished by means “of vacuum-tube 


oscillators much in the same manner as for radio broad- 


cast purposes. (See circuits in Figures 1 and 2.) In 
the literature, there are limited reports of attempts to 


Because of the many vague and conflicting 
reports on the effect of short waves on micro- 
organisms, the laboratory analysis reported 
in this article was undertaken; 
_ has endeavored to correlate the electrical 
data with medical and bacteriological data. 
Because of time and equipment limitations, 
the study shows trends in electrobiological 
treatment at high frequencies rather than 
conclusive evidence. 


‘temporary rise in temperature is advantageous primarily — 
ing on arsiacks nents to ep iats a bias < 


; Ret ratielen the tinilitie of high ai 1 


tric field existing between two small applicator plates. action takes. aes at a s Brogreevel faster ra 


Here the magnetic field would. 


ae _ methods and has found the inductive aptneg ‘greatly: 


aS AEE ‘the coupidoeeiiy: of the water. 


makes evident the existence of additional effects of - 
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_in water media by tk 
of high-frequency © 
‘Most of the work 
done by European 
of medicine, with 
entation of what we 
termed engineering dat 

It can be stated defi 
that all forms of 
life can be immo 
short waves if tr 
severe enough. ORapiee: in particular, are said 
immobilized rather than killed because the only 
mination that can be made is a test of their 
reproduction. Failing to reproduce, bacteria are 
sidered dead. / SHOE Scene shows 


the author 


that they have been ate Saalekere 


a ae and extent of peers: of the 
under pied ‘A curve Wain: the rate oe 


20° meters. Hicks was BSA a. BARS: es 
bacteria with 4.5 meter waves. It is $ interesting t 


epaaile 
20- to 30-meter waves, stated at the same 


increase of electrolyte introduced. From his 
ments he claimed that the effect on a certain 
is optimum (using a rise in temperature as 
when the dielectric properties have a definit 
matical relationship to frequency. He ‘wrote . 


Essential substance of a paper, ‘A Study of the Effect of High- -F 
on Micro-Organisms,” which was awarded the AIEE national prize fi 
for the jacademic year ending June 30, 1942, The paper was present 


meeting of the Portland (Oreg,) Section ath 
Corvallis, May 16, 1942. and the Oregon State Coll 


Hugh Fleming was an enrolled student at Oregon State College, Corva 


paper was presented. He is now a student 
agian ek ent engineer, General Electr 


The author acknowledges th 
bactasaiee ges the assistance of the Mee State College deparmes nt 0 


eee fe a ee i “_) 7 "' ; ' - 
ee oe Paes os } 
| mo 7 n 


‘tion for this: 
&, the dielectric constant, and x, the reactance. 


Escherichia coli were materially retarded in their growth 
in a moderate high-frequency field if localized. They 
reported good results at 4.6 meters in the presence of 
physiological salt or boric-acid solutions. Fabian and 
Graham tested bacillus coli and found that 30 meters 
with a current of 0.8 ampere produced death. They 
cautioned against concluding, immediately on the im- 
mobilizing of bacteria, that they had been successfully 
killed as . . . ‘‘a seemingly lethal effect may be followed 
in a few days by a rapid and intensive growth.” Tibor 
de Cholnoky indicates a correlation of media and lethal 
dosage. He states that water-borne bacteria are more 


S es 


Figure 1. 
matic diagram of 
a vacuum - tube 
oscillator for . 90- 
centimeter waves 


difficult to immobilize than those in some other media 
ach as air. 
Two theories have been. proposed explaining the 
"mechanics of rendering a culture of micro-organisms 
_ nonviable. The first of these is that the instantaneous — 
_ temperature of the bacteria, or other life, can be raised — 
to a very high value without necessarily affecting the 
"surrounding media to a great extent. The assumptions 
~are that the hysteresis, eddy current and [?R losses are 
“very great in the matter making up the cell. If’ this 
“theory were true exclusively, it would appear that the 
_ effectiveness should be proportional to the frequency. 
ey _ As was pointed out already, there is a definite frequency 
band of optimum value above pach the immobilizing 
ety diminish. 
The second theory explaining the lethal action of short 
Gwaves involves the possibilities of mechanical stresses. 
| Nearly all bacteria have a negative charge. It is be- 
“lieved that a condition of mechanical resonance is 
reached at certain frequencies that so distorts the organic 
matter of the micro-organism that it is rendered non-: 
viable. This would imply that the high-frequency field 
_ acts powerfully enough upon a bacterium, for instance, 
to cause it to travel a minute distance first in one direc- 
tion and then in the reverse direction as the field is 
changed. These oscillations. of the tiny bits of matter 
might well become so rapid as to exceed the elastic 
. limits of the structure of the organism. , Since different 
_types of bacteria have entirely different physical dimen- 
“sions as well as properties, it follows that the frequency 
of best destructive power would vary for each different 
; mpe of cell treated. This is true apmausi: the optimum 
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K= F/ (cx), where f represents sles A ¥ 


Schmidt and Hoensdorf found that. $treptococci and > 


Sche- 


possible. 


‘with a light meter. 
‘ment would not measure exactly the output, but would 2: 


Figure 3. Rate of 


’ effect upon the Escherichia coli. 
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frequency for a given type of Maal cell life is not as 


critical as might be supposed. Some microscopic evi- 
dence of actual bacterial destruction due to distorted 
masses has been reported. - 


The variables studied in the laboratory were: fre- 

‘ ry o 

; : AS 
Figure 2. Sche- usta a I 5 
‘matic diagram of a en 
vacuum-tube oscil- i 
lator for 10-25- ae 
' meter waves ie 

; a ry 

pt ad 

af 
+H 
p - i aa 
Pes 


quency, voltage, current, time, and conductivity of the | 
media containing the micro-organisms. All were studied 
as a function of the pea ane power fe the high oS 
frequency currents. ote 1 


\ VARIABLE-FREQUENCY aESTS 


In the variable-frequency tests, numerical concentra- 
tions of bacteria were maintained as constant as was _ 
An attempt was made to keep power oe 4 
constant for all tests by means of flashlight lamps in — 
parallel with a nonresonant line and the loading network. 
Measurement of light intensity of the lamps was inadie 


It is evident that such an arrange- 


give sufficiently relative values to enable significant data a 
to be taken regarding the remainder of the variables. a 
In all cases, standard six-inch fermentation tubes filled” 
with a total of ten cubic centimeters of media and cul- _ 


‘ture were used. Two oscillators were used. For the i \ 


range 10-25 meters a tuned-plate tuned-grid Gammatron: a 


54 supplied the power, and below the range of five | sas 
up 


growth of cell life 
under stimulus of 
high frequency © 


RATE OF GROWTH —> 


POWER IN APPLIED FIELD 


meters to 90 centimeters a resonant-line oscillator was — 
used. (See Figures 1 and 2.) Utilized power output a 
on all frequencies was approximately ten watts. In no~ 
case was a significant rise in temperature permitted. : 
The standard type of bacteria tested were Escherichia — 
coli, which are nonspore-forming vegetative cells found — 
quite commonly in polluted rivers and streams. All teats 
were made in the electric field existing between two — 
condenser plates. 
By referring to the curve in Figure 4, it can be seen 
that all frequencies tested had somewhat of a lethal | 
This effect became 
aaa peaked around 60 megacycles. A standard — 


‘ 


Figure 4. Effect of 
frequency on Esch- 
' erichia coli 
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NONVIABLE 


(ey _ 
FREQUENCY — MEGACYCLES 
s 


PER CENT ORGANISMS ~ 


I 
Ste oS) 


Samples: 10 cubie centimeters; control: 450,000,000 per cubic centi- 
meter. WAT temperature: 85 degrees Fahrenheit. Exposure in 
dielectric field 


_ time interval of one minute was used on all cultures. 
The frequency measurements were made’ by means of a 
radio receiver below 28 megacycles and by Lecher wires 
above 28 megacycles. Three samples and a control 
were taken for each of six frequency determinations 
(350, 200, 60, 28, 14, and'11 megacycles). Each fer- 
mentation tube was shaken before exposure to the high- 
* frequency field to distribute the contents evenly and to 
assure uniform conductivity, and was plated immediately 
after exposure. ie i 


VARIABLE-VOLTAGE AND CURRENT TESTS © 
The theory holding that hysteresis and eddy-current 


temperature of a cell to a greater value than the sur- 
rounding medium would seem to indicate that the 
magnetic field plays the important part. On the other 


Figure 5. Ar- 
ce) rangements for 


RESONANT heat (left) passing a 


(right) obtaining 
large voltage 
gradients 


' FERMENTATION < ~ 
_ TUBE 5 ‘ 


/ 


\ 


“ee the theory a mechanical resonance implies that 
voltage gradients about the bacteria are important. 
Therefore a resonant line operating on 90 centimeters 


could be placed either at a voltage node or a current 
node. Considerable unbalance in the oscillator was 
caused by the former instance, and relative values of 
power had to be supplied by adjusting the oscillator to a 
specific increase of plate-power input. For the tuning 
operations, sample tubes of Escherichia coli had to be 


used to simulate the anticipated load. Test conditions — 


again involved a standard time interval of one minute 
and a wave length of 90 centimeters. From the fol- 
lowing data it is evident that a large voltage gradient 
across the bacteria is more important than a high 
current or an intense magnetic field: : 


—= 


Average Count 


Sample ' Per Cubic Centimeter 
SOMSTURERN sure sick 'n 9 aie > <i otha SHU a en. aisis ani an apin. lei siaiatela Wie eae 450,000,000 
Pip mie se CPCAMENTIE, sil weitere lcm ebm ciel Sautes warner aise ee 200,000,000 
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completely sterilized. The fermentation tubes 
_ low potential drop made the tubes appear as a conduc - 
' ance, and in the other case a high potential drop caused — 
are: sufficient evidence to sa the rahe 


_ losses in the high-frequency field raise the instantaneous 


igh current and mentation tubes filled with ten. cubic centimeters © 


‘Escherichia coli and media were used. During the first 
fraction of a minute almost all the bacteria are ren 


onata at ee eens rate. 


_was devised of such dimensions that a fermentation tube 


ieee and tien shat and pe ee tk 


al 
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Figure 6. Effect a 

‘of — conductivity 
upon treatment of z 
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In two of the tests, the tubes of Escherichia colt 


with Escherichia coli acted very much like a portio 
the resonant circuit. In one case a high current at a 


the tubes to appear as a high resistance. An error was — 
undoubtedly introduced by virtue of radiation from th c 
large fins required for the current treatment. ( 
Figure 5.) However, it is believed that the tests m. 


more Snorant faa pete so as to pass a le 
radio-frequency current. 


{ _ TIME-VARIABLE TESTS 


was approximately ten watts. Standard six-inch fe 


nonviable. For the next few minutes, until the solut 
“Thus, Diet invent 
ous killing power might be written as a reciproc. 
tion y=1/t, where ¢ represents time. This is in 


effectiveness of the high frequency treatment. Tk 

difference in numbers of the bacteria making up a colony 3 
as well as their individual size could explain | very. we 
the ans of a cehnite optimum frequency for treatment, 


CONDUCTIVITY-VARIABLE TESTS ~ 


The question of the effect of variations in conductivit z . 
of the medium containing the bacteria to be tested coul 
be approached a number of ways. Variation in the 
number of bacteria per cubic centimeter causes variation | 
in the eae The ee of media in ese they 


acid en be added in So seol ie ccs ‘without : 
harm to the Escherichia coli used. ; 4 


* 


bse 
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Figure 7. Time of 


treatment of Esch- o 
ericha coli Ge 
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Samples: 10 cubic centimeters; control: 300,000,000 per cubic centimeter. 


Maximum temperature variation per sample: 


70 to 110 degrees Fahren- 
hett. 


Exposure in dielectric field. Frequency: 28 megacycles 


The latter method was used to demonstrate the effect 
of varying conductivity upon the immobilizing power of 
‘the high frequency. A frequency of 28 megacycles was 
used with an approximate power of ten watts. The 

dielectric field was used, and three concentrations of salt 
were added, (0.5, 1.0 and 1.5 milligrams per cubic 
centimeter). See Figure 6. The time gk treatment was 
one minute. ‘ 
_ The effects were ident at once. A higher concen- 
‘tration of electrolyte decreased the effectiveness of treat- 
nfent. 
they generated heat more rapidly, would not give the 


and current were lowered. 


B - CONCLUSIONS 


“It should be emphasized again that the experimental 
“work was only developed to demonstrate trends in the 
| immobilizing effect of the variables listed. Exact 
“measurement of the actual energy dissipated within the 
g entation tubes could not be made. Particularly 


was this true at the ultrahigh frequencies where the Pey-. 


centage of radiated power was appreciable. — 
__ The study undertaken showed that germicidal results 
“were easy to obtain even with small amounts of power, 
and suggests that for some applications a consideration 
of sterilization by means of exposure to high-frequency 
_ fields is warranted economically. Also the possibilities 
of greatly speeding up life processes such as in yeast 
manufacture are evident. The best frequency to use for 
‘treating a given micro-organism depends upon the size’ 
of that organism. However, the bactericidal range can 
“the roughly assigned to the 1-20 meter band. 

_ It is possible that additional lethal effects might be 
Be crienced i in the ultrahigh frequency range, but con- 
trol is difficult when it comes to treating large masses of 
organic matter. J 

It is evident that a high potential gradient should be 

‘maintained for maximum effectiveness. This means 


that as little electrolyte as possible should be allowed in _ 


_ the presence of the high-frequency field. A high voltage 
necessitates a tuned circuit whose dimensions conform’ 

to the quantity to be treated. : 
i The results of the time study suggest that it would be 
| “much more economical to use a large amount of power 
for a short time than a small amount of power for a 
g time. If sufficient power is used to immobilize the 
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Again it appeared that high currents, although — 


results that a high-voltage stress would when conductivity — 


largest cluster of bacteria in a short interval of time, it’ 


appears that the remainder would be easily disposed of. 

Toward the close of the experimentation a new tech- 
nique in testing the effects of high frequency upon bac- 
teria was devised which greatly speeded up the analysis. 
The method is suggested for further study and outlined 
as follows: The bacteria to be tested are plated out in 
countable concentrations on a number of petri dishes. 
Wires can be imbedded in the agar solutions used so as 
to remain fixed.in the gelatinous mass. 
amounts of energy are then applied to the petri dishes 


and a direct count can be made of colonies the next day. 
A variation of this consists of omitting the wires and 


The 90-centimeter oscillator with the concentric 
_ line which coupled the radio-frequency energy to the poset 
“mens under test 


Figure 8. 


The upright test tube ts between two rede: aluminum plates insulated 


by means of polystyrene spacers from a coil form. A parallel flashlight 

lamp is at the end of the concentric line at the left. 

to maintain relative values of current in conjunction with a light meter as 
: explained in the text et 


, 


substituting two metal plates on the top and bottom of 


the petri dishes, arranged to conform to the latters’ 


dimensions. ; : a 
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INSTITUTE 


» Program: Aon Ces for Winter > 
ee Technical Meeting, January 24-28, 1944 


ay program of 30 technical sessions and 
conferences, including a general session, has 
been arranged for the AIEE winter technical 
' meeting to ‘be held in. New York, N. Y., 
January 24-28, 1943. Headquarters for the 
_ meeting will be in the Engineering Societies 
Building. In accordance with the wartime 
Ue, policy adopted by the board of directors, 
im ‘ preference has been given to papers which 
are of aid in the war effort. ig 
The winter technical meeting of the Insti- 
sare of Radio Engineers will be held in the 
ay Hotel Commodore, January 28-29. The 
re "programs for the two meetings have been 
ah ‘co-ordinated, with the AIEE communica- 
tion and electronics session ‘scheduled for 
rt - Thursday afternoon, and a joint IRE-AIEE 
oe session Thursday evening, so as to provide 


a] 


and communication engineers. The IRE 
~ annual business meeting, followed by a ses- 
sion of technical papers, will be held Friday 
morning. In the afternoon a symposium on 
-_ work of the Radio Technical Planning Board 
. My will be held, followed by a session of tech- 


ee Saturday morning a on 
‘ of papers will be held, followed by a tech- 
bs eee teosion in the afternoon. 


JOINT IRE-AIEE SESSION 


_ The principal speaker at the joint IRE- 
ee session, which will be held in the 
] iiasecering Auditorium on the evening of 
_ January 27, will be Major General Roger B. 
a Colton, — chief, engineering and technical 

service, Signal Corps, United States Army. 
4 The address will be’on the subject of “Enemy 
Army Communications Equipment.” Phases 
of the subject to be discussed by General 
a Colton include the importance of com- 
_ munications in today’s war with its speed of 
. _ movement and the great distances involved, 


i _ intelligence, how captured equipment is 
obtained and what is done with it, as well as 


a 


es general statement of what has been found 
out about enemy equipment and what we 
_- have found out in the laboratories. Specific 
Bie! examples of equipment will be given, and 


ibs general and specific comparisons will be 


made with the United States equipment. In 
“ conclusion, General Colton will specify some 
particular problem and explain how elec- 
trical and radio engineers can help in the 

solution of problems. After the address a 
display of communications equipment and 
__. photographs of captured equipment will be 


- shown. 
A * 


GENERAL SESSION 


: The Edison Medal will be presented to» 


_ Vannevar Bush at the general session 
Wednesday morning, January 26. Doctor 
Bush was awarded the medal “‘for his con- 


22 


Ed _ three days of continuous interest for radio. 


; eo . papers. Awards will be Ryccented ata 


\y \ 


tribution to the advanéement of electrical 
engineering, particularly through the de- 
velopment of new applications of mathe- 
matics to engineering problems, and for his 
eminent service to they Nato in guiding the 
war-research program.” 

At the conclusion of the medal presentation 


ceremonies there will be a featured talk on a 


topic of interest to many members. 


SMOKER 


t 


‘In order that those attending the winter 


technical meeting may have an opportunity 


to'get together ,with their friends under con- 
ditions where all may relax and pass a 


thoroughly enjoyable evening it has been. 


decided this year to have a ‘“‘smoker,” 
‘Tuesday evening, January 25, at the Hotel 
Commodore. Insofar as possible all condi- 


_tions surrounding the popular affairs of — 


previous years will be provided. ‘Ticket, 
including dinner and show, will be five dol- 
lars per person. Tables for ten can be 
_reserved by advance payment. Checks 


‘should, be made out to “Special Account, 


National Secretary, AIEE.” | 


‘ 
So 
THEATER TICKETS © 


As an accommodation to our out-of- 
town members attending the meeting, a 
_ limited number of theater tickets to popular 
" shows will be available for purchase. Pref- 
erence will be given to out-of;town orders. 
All tickets will be. for Wednesday evening, 
_ January 26, not the 27th, as previously an- 
nounced. Orders must be accompanied by 
checks made out to “Special Account, 
National Secretary, AIEE.” If acceptable, 
an alternate selection should be named. 


Tickets at $4.40 each for the foloivng shows — 


have been reserved: 
1. “One Toul of Venus” 


2. “Winged Victory” net 
3. “‘Ziegfeld Follies” ; 


Members will be advised of the disposition 
of their orders, and tickets will be held at 


AIEE headquarters. 


“ , PATENT EXHIBITION 


A catalog of some’ 45,000 United States 
patents and patent applications in the me- 
chanical, electrical, 
formerly enemy-owned or enemy-controlled 
will be on exhibit during the meeting. 
These patents and patent applications are 
available for licensing under liberal terms, 
and Leo T. Crowley, Alien Property Cus 
todian of the United States Government, 


under whose authority they are being shown, | 
hopes that American engineers will realize 


the full potentialities of the inventions covered 
by these vested patents and patent applica- 
tions by employing them in the war effort 
wherever possible and developing them for 
the postwar period, 


Institute Activities 


_ present to answer questions. 


: Friday, January 28 


and chemical fields, 


4 


return the daa eee fay. fo) 
the meeting members who regist 
vance should not fill in another 
badges should be obtained. 


i 


Schedule of Events — 
be | ‘se 


‘Monday, Tavltdky: os a sy 
9:30 a.m. 


irk. : 
_ Transmission and distribution — 


9:30 a.m. Electrical measuring instruments 

9:30a.m, Conference on electric welding — * 

2:00 p.m. Power generation, transmission, and 
: tribution 

2:00 p.m. Applications of electrical, measu 

: basic sciences , 

2:00 p.m. 


wh 


rise in pair ee machine 

2:00 p.m. Circuit breakers a 

2:00 p.m. Land transportation wet ce 

2:00 p.m. Conference on permissible tempera 

| short-time rated machines Lek 

2:00 p.m. Conference on speed relaying ie 
6:30 es m. Smoker at the Hotel ‘Commodore 
AS 


Wednesdays January 26 


10:00 a.m. General ‘session—Edison 
. tion and feature talk 
Conference on lighting 
Relays ; 
Conference on indu: 
Com cirae on ¢ 


2:00 p.m. 
2:00 p.m. 
2:00 p.m. 
2:00 p.m. 


2: 00, p. ie 
Thursday, pees 27 


9:30 a.m. 
‘9:30.a.m, 


Air transportation 
Conference on domestic | 
‘applications : 
Conference on industrial j powe' 
Air transportation 
Communication and elec! 
Industrial power applicatio ions — 
Joint IRE-AIEE session — 


9:30 a.m. 
2:00 p.m. 
2:00 p.m. 
2:00 p.m, 
8:00 p.m. 


9:30a.m. Electrical machinery 
9:30 a.m, Conference on automatic 8 
10:30a.m. *IRE annual | 
‘ nical-papers session 
. Transformers : 
; Conference on admintetra 


*IRE re, 
*IRE banquet (inform: 

. Teaching aids for Navy 
ing Programs 


Saturday, jacny, wa] 


9:30a.m. Special lecture at, and it 


through, the Brooklyn Navy | Y 

only to a specially selected an 

] teaching personnel t 

10:00 a.m, ‘ae 
& 


*IRE symposium of paper! 
Ze ph ies pee 


*IRE technical session 


; ae 
* AN IRE sessions at the Hotel Commodore, except the 


joint IRE-AIEE session, which will be el 
Engineering audisaninme 2 


aay: January 24 
+30 a.m. 
4- 53. Coes Ratinc oF Castres As Aprearep BY 


[UTUAL | “HEATING IN AiR OR Conpyart IPCEA com- 
uittee On research ; Y 


Transmission and Distribution 


-54, . CatcuLation or UNBALANCED Vrerken Drops 
Disrrinution Circurrs Wirn ParticuLaR REFERENCE 
‘Mutticrounpep Neurrats. W. R. Bullard, H. L, 
we, H. W. Wahlquist, Ebasco Services, Inc. 


-10. TRANSFORMER Macnetizine InrusH CURRENTS 


ND INFLUENCE oN SysTeM OPERATION. L, F. Blume, G. 


Company : 


4-62. Costs Srupy or 69- To 345-Kv OveRHEAD 
OWER-TRaNsmission Systems. John G. Holm, Boston 
ort of Embarkation P 


330 a.m. Electrical Measuring Instru- 
ments 

4-21. A Murtrerrep-DEFLECTION A-C Porenriom:- 
i . R.B. Marshall, Purdue University 


AN INSTRUMENT FOR THE MEASUREMENT OF LARGE 
-* ATING CURRENTS. 


» General Electric Company 


_ INFLUENCE of IMPROVED Macnetic ALLoys oN 
JesIoN Trenps or Erecrricat Instruments. M. S. 
a 


Ds J. M. \ fais neg General Electric Company 


Conference on Electric Weld- 
ing 


) a.m. 


vi 00 p-m. Power Generation Transmis- 
4 sion, and Distribution 


4 5. REGULATION OF ww CC Generators Wit Sup- 
ENLY Appiiep Loaps. E. L. Harder, R. C. Cheek, 
lestinghouse Electric and Manufacturing Company 


-12. Sreapy-Srate Srasmiry or SyncHRoNous Ma- 


14-17. Licutninc Prorrction ror Rotatinc Ma- 
smiEs. G. D. McCann, E. Beck, L. A. Finzi, Westing- 
se Electric and Manufacturing Company. 


.W. Butler, 7 H. Meyers, General Electric Company 


2:00 p-m. Applicationsof Electrical Meas- 


7 urements and Basic Sciences 
4 


44.55. Tue Accuracy oF MEASUREMENTS IN Poites 
CABLE Circurrs as Usep in THE Srupy or Tran- 


ENT Heat Frow. Victor Paschkis, Michael P. 
Heisler, Columbia University 


44.9, Povarizep Licut Servosystem. T. M. Berry, 
General Electric Company 


oR 


4 6. A-New Drererentiar ANALYzER. H. P. 
Kuehni, H. A. Peterson, General Electric Company 


UR-PHASE Ee. 
ge 
44-4, a Some Aspzecrs or INpucTANCE WHEN IRON Is 
PRESENT. L. T. Rader, E. C. Litscher, General Elec- 
tric onary 


A. Hovevaes General Electric 


2:00 p-m. Conference on Marine Trans- 
portation 


Wcsazy, January 25— 
9:30 a.m. 


“~ 

44-13, ‘TRANSMISSION AND RELAYING PROBLEMS ON THE 

Fort Peck Project. Erik Floor, Harza Engineering 
mpany; H, N. Muller, S, L. Goldsborough, West- 
use Electric and Manufacturing Company 


Transmission and Prbtectiv’ 
Devices 


44-52.» Fusinc Practices ON “Disrripution Systems. 
S. Parsons, J. M. Wallace, bireeejssurd Electric 
1d Manufacturing Company 


amilli, S. B. Farnham, H. A. Reterep: General Elec- _ 


Walther Richter, Allis- 
almers Manufacturing Company ' 
‘Crossep-Coit Power-Facror Meters. N. P. 


SHINES AS AFFECTED By VoLTAGE-REGULATOR CHAR- | 
ACTERISTICS. C. Concordia, General Electric Company . 


Tue Errect or Kitovar SupPLy ON THE DE- 
GN oF Systems ror Loap Growru. T. W. Schroeder, 


44-24, SyumerricaL-Components ANALYSIS OF THE 


Tentative Winter Technical Meeting Program~ 


eo PAMPHLET ae troaainee of 
authors’ manuscripts of the num- 
bered papers listed in the program 
may be obtained as noted in the 
following paragraphs. 


\ 
@® ABSTRACTS of most papers ap- 
pear on pages 25-31 of this issue and 
pages 545-7 of the December 1943 


issue. 


® PRICES and instructions for pro-. 
curing advance copies of these 
papers accompany the abstracts. 
Mail orders are advisable, particu- 
larly from out-of-town members, as 
an adequate supply of each paper 
at the meeting cannot be assured. 
Only numbered papers are avail- 
_ able in pamphlet form. 


@ COUPON books in $5 denomina- 

tions are available for those who may 

wish this convenient form of remit- 
tance. 


-@ THE PAPERS regularly ap- 
proved by the technical program 
committee ultimately will be. pub- 
lished in “Transactions;” ‘many will 
appear in “Electrical Engineering.” 


. 
\ 


44-30. Recrosinc or Sincie Tir Lines BETWEEN Sys- 
tems. W. W. Parker, H. A. Travers, Westinghouse 
Electric and Manufacturing Company 


- 44-50. An Ercut-YEar INVESTIGATION OF LIGHTNING 


CuRRENTS AND PRBEVENTIVE-LIGHTNING PROTECTION ON A 
TRANSMISSION System. .E. Hansson, S. K. Waldorf, 
Pennsylvania Waste and Power Company 


9:30 a.m. Contin ends on Turbogenera- 


4 tor Characteristics 


This conference is sponsored by the committee on 
power generation and the Standards committee to 
develop information that is required in the standardiza- 
tion of turbogenerator characteristics. This is being 
carried on by the AIEE-ASME Joint Committee on 
Turbogenerators. The committee is concerned with 


' units of 10,000-kw capacity and above but at present 


is confining its work to 3,600-rpm units for which the 
ASME group has recommended 12,500, 20,000, 30,000, 
40,000, and 60,000-kw ratings. The conference will 
include results “of a survey of present-day practice in 
loading ‘and the power-factor rating of generators and 
also the effect of changing of generator characteristics, 
such a power-factor rating, short-circuit ratio, tempera- 
ture rise, on the weight of active material required in the 
generators. While a part of the conference material 
‘will be presented by the AIEE group of the turbogen- 
erator committee, a major portion of the conferene 
time will be available for general discussion, and it is 
hoped that as many members will participate as pos- 
sible. \ i 


9:30 p.m. 
of Temperature Rise in Con- 
tinuous-Duty Machines 

2 :00 p.m. Circuit Breakers 


44-44, Tuer Gromerry or Arc InTerruption—Il, 
Current ZERO PHENOMENA. E, W. Boehne, General 
Electric Company 

44-56, A 500,000-Kva 7.5-Kv Arr Circuir BREAKER 
FOR STEEL-Mitt Service. R. C, Dickinson, Westing- 
house Electric and Manufacturing Company 


44-37, Hicu-Vortace Om Crrcurr BREAKERS FOR 
Rapin REGLOSING Durty. A. W. Hill, W. M. Leeds, 
Westinghouse Electric and Manufacturing Company 


44.47, A Maonetic-Tyre Arr Circurr BREAKER FOR 
15.000-Voxr Services. L. J. Linde, B. W. Wyman, 
General Electric Company y 


Institute Activities 


Conference on Measurement 


? 


44-48, A New Turee-Erement Current-Laarinc 
Power Fuse. H. L. Rawlins, H. H. Fahnoe, Westing- __ 
house Electric and Manufacturing Company tas 
2:00 p.m. Land Transportation 4 
44-20, ELECTRIFICATION OF LARGE OpEn-Pit Coprer © 


Mines. L, W. Birch, Ohio Brass Company h ’ 


44-28. Mopern Evectric Locomotives In Open-Pit 
Mine Haurace. J. E. Borland, L. G. Riley, Westing- —__ 
house Electric and Maritictinige Company — dey 


“Open-Pit Copper Mining,” a motion picture, a) , 
courtesy of the General Electric Company 


F zi 

44-25. Design Features or GENERATORS FOR DissEL- 
Exectric SwircHer Locomotives. C. A. Atwell, 
Westinghouse Electric and Manufacturing Company __ 


44-27, Drzeser-ELecrrie SwircHinc- Locomotive Ap- ™ 
PLIGATION BY MEaANs or NomocRAPHIC (CHaRtTs. ‘Ay EA 6 
Millan, T. F, Perkinson, General Electric Company - £4. 


44-26, Gear Ratio anp Its Errecr on TRACTION ak 


_ Morors. G. M. Woods, Westinghouse Electric and tie 
Manufacturing Company } aa 
; : Yk eget 
2:00 p.m. Conference on Permissible © 
Temperature Rise of Short- 
Time Rated Machines a 
\ 

2:00 p.m. Conference on Speed Relaying 

CP. Errecr or ReLayinc TIME oN DAMAGE To. are 


EQuipMentT AND Linzs. H. R. Paxson, Philadelphia 

Electric Company ' : 

GE, 

Biiry. R.C. R. shake Public Service Electric a and 
Gas Company 


G?stpan, Smoker at the 
| _ modore 


Wednesday, January 26 


General Session 


10:00 a.m. 


, ce, 
Presentation of Edison Medal to Vannevar Bush a 


Feature talk on a timely topic to be of interest to | many 
members ~ a 


2:00 p.m, 


Address: “PRoGREss In LIGHTING.” 
Electrical Testing Laboratories 


Address: “Sezemvc Tunes,” iifusteated by motion pice fi 
tures. S. G. Hibben, Westinghouse Electric al aaa *, 
; facniring Company - fe 


2:00 p.m. Relays | : . a 
44-46. 


Conference on Lighting — 
Preston S. Millar, : 


Tue MHO-Carrizer RELAYING SCHEME, R, oe 


Company 


44-51. Tue Functions or Grounp PREFERENCE IN 
Carrier-Current Retay Scuemes. §,. C. Leyland, 
S. L. Goldsborough, Westinghouse Electric and Manu- 
facturing Company ae 


44-68. System VoLTAGEs AND FauttT CurRENTS Derek +} 
minepD Eastty on D-C Boarp. C. E. Asbury, Illinois ‘2 
Towa Power Company - i 


¢ 
44-34, A VERSATILE PoweER-LInE CARRIER Svertias a ¥ 
H. W. Lensner, J. B. Singel, Westinghouse Bie as 
and Manufacturing Company \ 


p 
e,- 
2:00 p.m. Conference on Industrial ES: * 
trol _ . 
44-18. InveRTER AcTION oN REVERSING oF THYRA- a 


TRON Motor Conrrou. H. L. Palmer, H. H, Leigh, : 
General Electric Company 


‘ 
a) 


Conference on Civic ameee o 
and Co-operation with Other & 
Organizations i 
i 
*CP: Conference paper; no advance copies are avail- 
\ able; not intended for publication in Transactions. 


2:00 p.m. 


| Tentative National Technical Meeting Poe (Co! 


2:00 p.m. Meeting of Safety Committee 


44-22. ' Srupy oF ARTIFICIAL ,REspIRATION “oN ANES- 
THETIZED Men. W. B, Kouwenhoven, D. R. Hooker, 
J. A. York, The Johns Hopkins University 


Thursday, January 27 
9:30 a.m. 


44-32. PRESENT D-C Arrorarr Exrctrric-SupPLy 
Systems. H. C. Anderson, Jr., S. B. Crary, N. R 
Schultz, General Electric Company 


44-38, Evecrric-Circurr Fautr-Prorective Je 
crpies as AppiieD To D-C Arrcrarr Systems, R. H 
Kaufmann, General Electric Company 


44-36. Baste ConsipERATIONS IN SELECTION oF ELEG- 
tric SysTEMS FOR Larce Arircrarr. W. K. Boice, 
L, G. Levoy, Jr., General Electric’ Company 


44-43. 


Air Transportation 


¥ 


*TrstiInc AIRCRAFT GENERATORS. 


Company 
’ 44-7. Execrric Circtits AND THE Macnetic Compass. 


R. C. Burt, H. R. Beck, Lockheed Aircraft Corporation. 
Presentation by. title 7 Sor A 


- 9:30.a.m. Conference on Domestic and’ 
ee _ Commercial Applications 


‘ s : 
~ 44-69. THE VIBRATION OF ELECTRICAL CONTACTS. 
_ M.N. Russell, Saul Keilien, Pass and Seymour, Inc. 

15 ¢énts by mail. ® 


‘4 CP.* Desicn PROCEDURE FOR Low-TEMPERATURE 
____-*Panex-Space Heatine. B. F. Raber, F. W. Hutchin- 
son, University of California 


_ -CP.*» Data on Evectric Loans oF Wave Projects. 
1 O. B. Falls, Jr., General Electric Company oa 
“Ste cP.* Resistance Wire. W. A. Gatwood, Hoskins 
¥ Manufacturing Company \ 
4 y bee F 
_\CP.* Low-Reacrance Busway. J. G. Jackson, 
» ‘Square D Company PF 
rs CP.* Prorzcrive Devices. Stephen Jones, Heine- 
mann Circuit-Breaker Company . 
-9:30a.m. Conference on _ Industrial 


4 Power Apphcations , 
44-18. 
» Moror Conrrot. 
- eral Electric Company f ; 


‘a GP.* Exprrermnce Wit Snort Circurrs anp BREAK- 
ERS, Wir EMPHASIS ON CO-ORDINATION BETWEEN Fuses 

_ anp Breakers. L. CG, Peterman, Ford, Bacon, and 

‘i Davis 
cP. 

MENT OPERATING AT Line POTENTIAL. 
Berwind-White Coal Mining Company 


CP.* Pianr Disrrisution Systems. 
New York Shipbuilding Corporation 


OP* 


* 


INVERTER eae on REVERSING OF THYRATRON 


LicHTNING PROTECTION FOR INDUSTRIAL Egurp- 
A. C, Muir, 


Cc. E. Smith, 


Dopce Curicaco Pxiant’s DistrisuTion ScHEME 


*Wirn AirRPLANE-ENGINE Power-ReEcCOVERY Circvtts. ~ 


E. L. Bailey, Chrysler Corporation 


H... Ey 
Keneipp, Westinghouse Electric and Manufacturing, 


' O. A. Friend, Bell Telephone Laboratories, Inc. 


44-41, 


44-19. A New Ridge Hour DrivE FOR Canes. 


- 44-60. Heratinc or Nonmacnetic Eveerricat Con- 


H. L. Palmer, si H. Teighs Gen- « 


8 :00 p-m. Joint IRE-AIEE Session 


a 


2:00 p.m. Air Transportation _ Friday, January 23 
44.57. Errecr OF ALTITUDE ON Execrric BREAK- 
DOWN AND FLASHOVER oF AircRAFT InsuLaTIon. L. J. 
Berberich, G. L. Moses, A. M. Stiles, C. G. Veinott, | 


Westinghouse Electric and Manufacturing Company 


9:30am. Electrical Mache a 


44-35. Tue ASYMMETRIGAL STATOR AS_ Ks 
“STARTING Sincie-PHase INDUCTION Morors. 


44-58. Execrric-Circuir Burninc-CLEAR AND Baum, Chillicothe, Ohio 

Damace PHenoMENA on ArrcrArr Structures. C. M. = oe 

Foust, J. G. Hutton, General Electric Company 44-1. DESIGN OF STARTING WINDINGS FoR § 
Motors. T. C. Lloyd, Robbins and 


44-29. POTENTIAL BREAKDOWN OF SMALL Gars UNDER 
Smutatep Hicu-Aurirupe Conprrions. M. J: De- 
Lerno, General Electric Company 44-2, 


J/H. Karr, Purdue University 


SomE Aspxcts OF Excrric-Moror 


44-59. Corona In ArroRAFT Evecrric SysTEMS AS A 
Function or Attirupe. W. R, Wilson, General Elec- Srrcirications. T. C. Lloyd, Robbins and M 
tric Company ° 44.63. A Design Metuop ror D-C 


Beers, Robbins and Myers, Ines J. 
_ University 


44-5, Argcrarr SIGNAL SysTEMs. Raymond A. Rugge, 
Curtiss-Wright Corporation " iis 4 
' 44-64, STARTING Winpines For SINGLE-P 
tion Motors. C. G, Veinott, Westinghou 


4 v 
44-70.. ELECTRICALLY DrivEN GyroscopEs ror AIR- 
crarr. H. M. Witherow, AIOSES Hansen, se General » Y 


Electric Company and ie Company 

25 00 Dat COM EIAN Camas and | Elec- 9:30 a.m.. Cpiterbuce on Automa 
tronics 7 : tions x 

44-42, Grosssar Tout-Swircrinc Sysrem. L. G. : co = ‘eo Bx 

Abraham, A. J. Busch, F. F. Shipley, Bell Se ae 2 700 p-m. Transformers = 


Laboratories, Inc. © 1 q j a re 
3 44-6. Asymmerricat Loapinc or THRE 
44-49, : 
WinDING TRANSFORMER BANKS. 
eae of Science of the USSR 


AUTOMATIC TickeTInc or TELEPHONE CALLs. 


44-14. A Suort-Cur Metruop or Estimatinc’ TIF : 
or Power Systems WitH RECTIFIER Loap- C.W. Frick, | 44-65. THERMAL PROTECTION OF T: 
General Electric Company - OveERLOAD Conpitions. V. M. Mont 
" General Electric C Pi 
Reocrimr Circuir Dury. Cc, . Herskind, encral Bireee@omesn) 


44-66. OVERLOADING OF “Pa ansvonmeeeet 
CovERED BY THE GENERAL Ruizes. W. ces ealey, 
_ Hodtum, Allis-Chalmers Manufacturing Comp: 


General Electric Company 


44-8. ELECTRONICALLY CONTROLLED Dry-Disk Rech! 

FIER. Allen Rosenstein, H. N, Barnett, Signal Engi- 
neering Products Company 44-67. Errecr or ALTITUDE ON IMPULSE ] 
SrRENGTH OF ELECTRICAL APPARATUS. 
Paul Evans, Jt, Westinghouse Electric and 
turing apaa 


2:00 p.m. Industrial Power Ub ieetbre 


M. A, Whiting, General Electric Company 2:00 p.m.: 
z Ay ee anions in hone 
pucrors By MAGNETIC INDUCTION—LONGITUDINAL FLUX. } S ‘alized enn x Pro 
R. M. Baker, Westinghouse Electric and Manufac- ape et ars i 

turing Company : 7+ 
44-39. 
Most Moprern STEEL Mitt. 


_ 44-3. CuLTURAL TRAINING OF THE Enc 
Supervisory ConTRoL FOR THE WorLp’s  Boyajian, General Electric Company | ; 


P. B. Garrett, M, E. 


Reagan, eo iasnnve Electric ee Manufacturing le : i de fi 

cee 8:15 p.m. Teaching Aids for 
cialized je reiouas P: 

44-61. ELECTRICAL EQUIPMENT FOR THE War-EMER- ; 

GENCY PrpE-LINE Projects. E. E. Thomas, W. G. Address: pees oe ON Suimacianee pra ad 


Taylor, General Electric Company; Oscar Wolfe, War _H. G. Rickover, Bureau of Ships, United States i 
Emergency Pipelines, Inc. 

! i - a s 
44-40, Tue Capaciror—An Aip To Evecrric-PowER ' i : >s ia ; 
SERVICE FoR Pipe Lines, M. A. Hyde, R.E.Marbury, ore ; ee 
Westinghouse Electric and Manufacturing Company. Saturday, January 29 iJ a 
“Oil for War,” a colored motion picture, by courtesy _ ‘ - - : 
oe the ' Barrett division, Allied Chemical and Dye a3 30 aan Sp ld Lectu = id ian 

orporation — . ecial Lecture at, and per 
' igh: tion Trip Thomas) the Ee 


ki Navy Yard 


7 ‘ 


Address: ‘““ENEmy Army ComMuNicaTIONs EQutpMeEnt.”’ 
Major General Roger B. Colton, Signal Corps, United 


CGP.* Inpuction-Heatinc Apruication. H. E, Somes, States Army. Captured equi i i 
7 : c 5 uipment will be on display personnel from the colleges hi 
Budd Induction Heating, Inc. at the conclusion of the address. - Training Programs are ni o Ney a 
BS ; mo 
’ x fe = me : = 
e ; , 


fee of two dollars will be charged to all non-. 


members except Enrolled Students and the 
immediate families of members. 

Hotel reservations should be made by 
writing directly to the hotel preferred. 


COMMITTEE 


The personnel of the 1944 winter technical 


‘meeting committee, which is making the 
arrangements, is as follows: J. F. Fairman, 
chairman; W. J. Barrett, F. A. Cowan, J. L. 
Callahan, M. D. Hooven, C. R. Jones, R. A. 
Jones, F. V. Magalhaes, C. S. Purnell, : 


24 


Smaller Trim Size 


are pane maintained essentially as b 
so that the net result is a more efficient 
of paper through reduced page margins S. 
j | fact, minor changes were required in 

featuresardele! and news section : 
those pages to the new size, which 
| the amount of material per page. 


The majority of technical society a ade 
publications adopted this smaller size duri 
1943 in order to effect the required red 
tion in paper usage in that year (ten pe 
less than in 1942). Electrical En ne 
could not do this without i inconven 


for “‘Electrical Engineering” 


To maintain the technical content of 
Electrical Engineering at a high level and still 
comply with governmental restrictions on 
the use of paper, the trim size has been 
reduced to 81/s by 111/, inches, effective with 
this issue, The dimensions of the type page 
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> Transactions subscribers, However be- 
a sheets for the annual Transactions 
lumes are printed month by month while — 
> monthly sections are on the press, and if 
change had been made during the year 
= result would have been two different- 
ed pages in the 1943 Transactions volume. 
In addition to the smaller trim size, 
hterweight paper for both the text pages 
d the covers is being used as the present 
pply becomes exhausted. These two 
anges will enable Electrical Engineering to 
rry in 1944 practically the same content 
in 1943, unless further restrictions on the 

e of paper become necessary later in the 
ar. Present usage is limited to 75 per 
nt of the tonnage used in 1942. Whether 
not a further curtailment will become 
cessary is said to depend on the results of 
e present intensive conservation and 
wage campaign (see page 34). . p 


| 

-_ 

IEE Nominating Committee 
for 1943-44 Announced 


The national nominating committee of the - 


IEE, in accordance with the Institute’s 
laws, will meet during the winter technical 
eeting January 24-28, 1944, in New York, 
iy ae, to nominate eandidates for national 
ficers to be voted on by the membership in 
e spring of 1944. Members of the national 
sminating committee are as follows: 
= the board of directors 


| M. La ffoon, Westinghouse Electric and Manufac- 
ring Company, East Pittsburgh, Pa. 

G. LeClair, 
cago, Ill. 


Commonwealth Edison Company, 


_ B. McEachron, General Electric Company, Pitts-— 


1d, ‘Mass. 


WwW. Schilling, Montana State College, Bozeman, 
‘ont. 


..R. Smith, Public Service Electric and Gas Com 
ny, Newark, N. J. 


ternate: 

6 bers, American Telephone and oy eke 
ompany, New York, N. Y. é 
epresenting the ten Penereuhicat Districts 

Everett S. Lee, General Electric Company, Sche- 
sctady, N. Y. : ¢ 
é R C. Gorham, University of Pittsburgh, Pittsburgh, 
i 

C. a: Purnell, Westinghouse Electric and Manufac- 
ring ‘Company, New York, N. Y. 


5 4 Elmer Housley, Aluminum Company of America, 
leoa, Tenn. 


al A. Northcott, Jr., University of Notre Dame, 
otre Dame, Ind. 


‘Arthur L. Jones, General Electric Company, Dower, 
O40. ‘ 

_ G. H. Kraft, Union Electric Company of Missouri, 
€ ia Mo. 


BL. Robertson, University of California, Berkeley, 


FOrin A. Demuth, Bonneville Power Administration, 


ortland, Oreg. 


e x. H. Frampton, Hydro-Electric Power Com- ’ 


\ission of Ontario, Toronto, Ont., Canada 


eeaaes: : 
5, J. R. Smith, Louisville Gas a Electric Company, 
ouisville, Ky. 


‘ Riistence M. Robertson, Public Service Gompany 
f Colorado, Denver, Colo. 


oF. A. Cooper, Southwestern Bell Telephone Com- 
any, St. Louis, Mo. 
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Great Lakes District - 


Executive Committee Meets 


The executive committee of the Great 
Lakes District held its annual meeting in 
Chicago, Ill., November 5, 1943, with 100 
per cent representation of Sections. A. G. 
Dewars (M ’27) District ere mrendesy pre- 
sided. . 

M. S. Coover (F ’42) professor and head 
of the department of electrical engineering, 
Iowa State College, Ames, was nominated for 
‘AIEE vice-president to represent the Great 
Lakes District, and J. A. Northcott, Jr. 
(M ’40) head of the department of electrical 
engineering, University of Notre Dame, 
South Bend, Ind., was elected representative 
on the national nominating committee. 
N. C. Pearcy (M 30) acting treasurer, was 
elected District treasurer to succeed K. A. 
Auty (M °17) who resigned i in January. 

The meeting was addressed by L. A. 
Griffith, District vice-chairman of the na- 
tional membership committee, who reported 
on the growth of membership in the District 
and presented curves showing the activities of 
each Section. The question of local member- 
ships and the difficulty of getting local 
members to become national members was 
raised when a decrease in membership was 
reported for the Milwaukee Section. The 
Michigan Section stated that limiting local 
memberships to three years had solved that 
problem in its group. 

It was suggested that each Section investi- 
gate the possibilities of subsections, following 
the ‘lead of the Urbana and Madison Sec- 
tions in establishing one each. Fargo—Grand 


Forks and Duluth—Superior were considered 


as possible subsection groups. 

The question of collective bargaining and 
licensing laws for engineers was discussed at 
length.* Asaresult, the following resolution 
was proposed to be forwarded to AFEE head- 
“Resolved, that the board of 
directors be requested to appoint a special 
committee to investigate encroachment. of 
unionism into the province of engineering as 
a profession, and to formulate a policy to be 
followed with respect to collective bar- 
gaining, socialization of engineers, aod re- 
lated subjects.” 

In line with this resolution the executive 
committee requested that each Section within 
the District submit a report relative to labor- 
union encroachments in its area, and that it 
express an opinion on the resolution adopted. 

Also discussed at length were the Kilgore— 


-Patman bills (EE, August °43, pp. 360-1; 381) 


pending i in the Senate and House of Repre- 
sentatives, which would pave the way for the 
socialization of engineers. It was recom- 
mended that, even though the Institute had 
already taken formal action in the matter, 
the Sections express themselves likewise by 
a vote of the membership. It was thought 
that a larger number of individual letters to 
Senators and Congressmen would exert more 
pressure than group action. 

Professor M. M. Cory (F °40) chairman, 


* The board of direction of the American Society of” 
Civil Engineers recently took action authorizing the - 


formation of collective bargaining agencies for ‘‘pro- 
fessional engineering employees.” See item in “Current 
Interest” section, this issue. 

Ad . 


Institute Activities 


District committee on student activities, 
stated that student memberships had de- 
creased approximately 60 per cent because 
of enlistment and induction of students in 
the Armed Forces. In order to keep the 
Branches active, he recommended joint meet- 
ings with branches of the American Society 
of Civil Engineers, American Society of 
Mechanical Engineers, and other engineering 
organizations. 

No District technical meeting will be held 
for 1944-45 because of wartime handicaps 


and since the 1944 ATEE summer technical _ 


meeting will be held relatively close to the 


- Sections of the Great Lakes District. 


SECTION 


eecee 
Use of Magnesium in Planes Topic 


of Milwaukee Section Meeting 


Every American warplane built today 
utilizes more magnesium than its predeces- 


sor model, whereas German planes recently _ 


shot down show less magnesium than those 
shot down earlier in the war, explained 


Arthur Smith, Jr., of the Dow Chemical 


Company to over 200 engineers at a Mil- 


waukee AIEE Section meeting recently. a 
Every cubic mile of sea water has 9,000,- 


000,000 pounds of magnesium in it, and 
Americans are getting it into planes as fast 
as they can, with the result that some war 
planes have as much as half a ton of the 
metal. With these planes, American and 
British airmen have been bombing German 
magnesium plants as fast as they can, said 
Mr. Smith. 


In 1938 production of magnesium was, 


barely 2,000 tons, but the present produciion 


is over one hundred times that quantity. 
In some types of construction the use of mag- 


nesium alloys can save from 19 to 33 per 


cent in weight over aluminum, and so this 


new metal is used in aircraft and lightweight 
portable equipment wherever a change- 
over is possible without slowing production. 


' Portable tools, reciprocating high-speed 


machinery, trucks, busses, and airplanes will 
be the big postwar consumers of magnesium, 
Smith predicted. 


ABSTRA GT Seam 


TECHNICAL PAPERS previewed in this section will 
be presented at the AIEE winter technical meeting, 
New York, N. Y., January 24-28, 1944, and are ex- 


pected to be ready for distribution within the cur-_ 


rent month. Copies may be obtained by mail from 
the AIEE order department, 33 West 39th Street, 
New York 18, N. Y., at prices indicated with the ab- 
stract; or at five baste less per copy if purchased at 
AIEE headquarters or at the convention régistration 
desk, 
Mail orders will be filled ; 
AS PAMPHLETS BECOME AVAILABLE 


Air Transportation 


44-29—Potential Breakdown of Small Gaps 


Under Simulated High-Altitude Condi- 
tions; M. J. DeLerno (A’43). 15 cents. 
Because of the variation in air pressure and 
temperature with altitude, the breakdown- 
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E Future AIEE Meetings 
Winter Technical Meeting | 
New York, N. Y., January 24-28, 1944 


North Eastern District Meeting 
Boston, Mass., April 1944 


- Summer Technical Meeting 
St. Louis, Mo., June 26-30, 1944 


_ Pacific Coast Technical Meeting 
» Los Angeles, Calif., ‘Aug. 29-Sept. 1, 1944 


ee 


ibs potential characteristics of aircraft electric 
equipment differ from those of other pieces of 
Hh industrial electric equipment. This paper 
shows the effect of altitude on the air-gap 
ae and between various current-carrying parts 
of typical aircraft equipment; the paper also 
i shows the effect of altitude on creepage or 

' surface breakdown for similar specimens. 
a. The effects of frequency and humidity on 


Ay vestigated. Special considerations which 
_ may exist for aircraft electric equipment are 
__ taken into account when conclusions concern- 
" ing the effects of the various factors mentioned 
x are drawn, } 


a 


+ 44-32—Preient D-C Aircraft Electric- 
Supply System; H. C. Anderson, Jr. (A’43), 

Pas? B. Crary (M37), N. R. Schultz (A’40). 
20 cents. This paper presents the results of 
_ analytical investigations and laboratory and 
~ field tests on present 28-volt d-c aircraft 
" electric systems. ‘The paper deals with the 
performance of the various components of 
the. electric-supply system as well as the 
operation of the system as a whole. 
oe ystem problems investigated are: system- 
voltage accuracy, load division during paral- 
lel operation of generators, relay contactor 
pots generator-output capacity, effects 


a ee NE. 
i 


44-36—Basic Considerations in Selection 
A} of Electric Systems for Large Aircraft; 
4 W. K. Boice (M43), L. G. Levoy, Jr. (M43). 
. 
30 cents. This paper presents some of the 
1s considerations involved in selecting electric 
systems for large aircraft. Such systems now 
 ) are undergoing intensive development, and, 
ot consequently, it is not possible to give ¢om- 
__ plete answers to all problems which arise. 
__ | Also, certain parts of the electric systems are 
* ” _ Subject to military classification and cannot 
' be discussed. Nevertheless it is felt that many 
“| engineers, particularly those engaged in the 
design of such systems, will welcome a brief 
____ review of the basic factors involved. Indus- 
trial and central-station experience provide a 
valuable ‘background for study of aircraft 
systems. However, too close an adherence 
to previous practice should not be main- 
__ tained since aircraft systems differ in many 
ways from those of land equipment. The 


need for minimum weight demands that only - 


. those features be included which fundamental 
considerations show to be necessary or at 
least provide benefits which justify the 
weight involved. Hence, a review of the 
basic problems encountered should be helpful 

at this time. 


ry 
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Ty _ breakdown potential between hemispheres ~ 
v 
: 


the breakdown characteristics are also in- — 


The . 


of heavy transient loads, | ong short-circuit — 


7 i: re 


44-38—Electric-Circuit -Fault-Protective 


Principles as Applied to D-C Aircraft 


Systems; R. H. Kaufmann. 30 cents. Ade- 


quate fault protection assumes ever-increas- 


ing importance as the size and responsibility _ 
of aircraft electrical systems increase. In- 
creased short-circuit’ current levels mean | 
‘greater switching-equipment duty and po- 
tential fire hazard. Larger amounts of 
rotating load machinery introduce a problem 
of electrical stability and emphasize the 
need for rapid fault clearing. The purpose 
of this paper is to outline the characteristics 
of various applicable fault-detection devices_ 
and the manner in which they may be used 


' most effectively in typical aircraft circuits. 


Important considerations to be recognized 
in judging the effectiveness of a particular 
system of fault protection include: 


1. Reliability and selectivity—only fault protectors — 


adjacent to an electrical fault can operate and do so 
reliably. } 


2. Operating speed—more rapid fault clearing di- 
minishes ‘fire hazard and improves operating stability 
of the remaining system. 


.foe Simplicity—simplicity of desiens application, instal- 


lation, and field maintenance are all important. 


4. Cost in weight. 


44-43—Testing Aircraft Generators; H. E. 


Keneipp (A’40). 15 cents. The modern fight- 
ing plane requires a large amount of electric 


' power for its ‘successful operation. The d-c 
aircraft generator provides a reliable source . 


of power at the lowest possible weight. The 
development of these generators has required 
close co-ordination of design, testing, and 
interpretation of test results. The tests in- 
clude raw material, laboratory, life, mechani- 
cal, and flight tests. Generator parts as_ 
well as complete machines are being tested 
continually. The generator test program 
has been responsible for the correction of 
troubles which have developed in the field and’ 
also for the elimination of potential sources of 
trouble. It has also been responsible for 
improvements in the use of material so that 


extremely low weight has been obtained. 


No untried parts or materials can be used 
in an aircraft generator. Laboratory tests 
must be relied upon for a preliminary check 
of all improvements jbefore they are sub- 
jected to flight testing. 


t 


44-57—Effect of Altitude on Electric 
Breakdown and Flashover of Aircraft In- 
sulation; L. J. Berberich (M’36), G. Ly 
Moses (A °43), A. M. Stiles (A 243) 1G, Ge 
Veinott (M34). 30 cents. The breakdown 
strength of air and the surface flashover be- 
havior of a number of materials have been 


investigated under conditions corresponding 


to an altitude range from sea level to 65,000 
feet. The various atmospheric conditions 
encountered by aircraft in this altitude 
range were simulated by use of a special test 
chamber. The pressures and temperatures 
were reproduced as well as the moisture, 
cloud, ice and snow conditions. Moisture 
in the condensed droplet form :was found to 
lower both the breakdown strength of air 
and the flashover voltage of materials. On 
the other hand, moisture in the frozen form, 
such as ice, and snow, did not have any 
marked effect on either the breakdown 
strength of air'or flashover behavior of ma- 
terials. .On the basis of extensive data given 
in the paper and general experience with 
various types of electric Sea! specific 
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_ ance of electric circuits is < 


. contact area between a Be pe: 


resulted in a ee fa 


strength of large air gaps dr 


strength of. sal air 


Dinan Pr onandeagy on Aircr 
tures; C. M. Foust (M’31), 7. | 
20 cents, Normal and continuous 


the effective use of airplanes. 
circuits, which result i in the loss o 
vital control operations, or cause f 
definite hazards. The extensive 1 je 
28.5-volt d-c aircraft systems, 
sideration being given a three-phas 
400-cycle a-c grounded neutral s 
high-altitude planes necessita 
vestigation into the. 
pea ee on bo 


both re a-c yaa a syste 
that the fault-damage and b 
phenomena depended upon 

level in the short-circuit area. | 


was highs and tHe 
In such cases the Gone structure . 
forated, Spee 


some of these cases a definite \ 


tric-field sebbletts, pes 
liness of insulating surfaces. 
reducing pressure is shown 
corona-starting voltages of. airc 
as much as 60 per cent, becat 


amount. Reducing the Pp 
effect on the ibaa eke 


pendent of pressure. 
insulating surfaces and moi 
cables produce coronalike dist 
208 volts. Data are presented 
capacitors, parallel studs, and | 
Under dry conditions all 
voltages were well above the op 
age of the system. _ 


Basic Sciences _ 

tke iymiciectgeeem 
of the Four-Phase System; AY 
(F? 26). 715 cents.. 
concepts are developed for the 
voltages, and impedances of a four-f 
tem, and formulas are given for 
of short circuits. The idea of sy 
among the members of each se 
the angular displacement between 
bers of the set, rather than on ph 
which fits the three-phase co v 


. aes 
it is inadequate. for the irae aie ate’ 
side from its possible value for ia. 
‘oblems, which are rather rare, the paper is 
resented here in the expectation of an addi- 
onal benefit, namely, that the parallelisms 


ies 


ee-phase formulas may throw further 
ht on the general theory and applications 
3 isymmetrical components. 


4-45—Some Aanects of Tada ctanee When 
ron Is Present; L. T. Rader (A 34), E. C. 
itscher. 30 cents. here are three definitions 
! f inductance commonly found in textbooks 
nd handbooks. These all assume a straight- 
ne saturation curve and so yield the same 
onstant value. This paper attempts to 
now the errors inherent in such definitions 
‘hen iron is present. 
aductance are examined in the light of the 
pplication where the term is used. Com- 
; arisons are made of four definitions for = 
brent flux densities. Consideration is 

‘ rily confined to circuits in which no air 


ne effect of saturation and eddy currents. 
in analytical expression for the saturation 
urve of silicon steel is presented by means 
f which the various definitions could be 
asily examined analytically, The use of 
be term inductance is examined in connec- 
on with welding of contactor tips, arc 
nterruption of motor circuits, current build- 


: ommunication 
4-42—Crosshar T oll-Switching System; 
G. Abraham (M39), A. J. Busch (M30), 
F. Shipley (application pending). 25 cents. 
ped. by the Bell System was placed in service 
ugust 1943 to haridle calls originating ‘or 
erminating in Philadelphia, Pa., or passing 
rough it. Connections are’ established by 


rossbar switches under direction of common — 


control equipment called senders and markers. 
‘or the greater part of the calls passing 
hrough the new toll office, no operating labor 
s required within the office itself: Some of the 
ncoming trunks, however, are not arranged 
or dial operation, and calls coming in over 
hese trunks are handled by operators at 
dless positions equipped with key sets. 
mections are made on a four-wire basis; 
at is, separate transmission paths are pro- 
‘ided for the two directions of talking, and 
epeaters are switched in automatically when 
equired. Compared with manual switch- 
ng, the new system offers substantial im- 
yvements in quality and speed of toll 


ce. 
. 


4 9—-Autoinatic Ticketing of Telephone 
Jalls; O. A, Friend (M37). 25 cents. There 
s being placed i in commercial service by the 
Sell System in a suburb of Los Angeles a 
lew arrangement of dial central-office 
witching equipment designed to enable sub- 
eribers to dial their-own calls to other points 
Bie metropolitan area without help of an 
perator, and thereby obtain the speed and 
onvenience of direct dial service. The 
quipment automatically prepares a printed 
icket showing the calling. and called num- 
and other information needed for 
‘ging for the call. The system is de- 
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d contrasts between the four-phase and the 


Various definitions of ~ 


exists. Oscillograms are given showing. 


p and decay of solid iron fields, and reactor — 


new mechanical toll-switching systemdevel- 


_ 20 cents. 
‘the emergency overloads recommended both 


signed for application to areas employing 
central-office switching equipment of the 
step-by-step type and provides trunking 
features designed for efficient use of interoffice 
trunk plant in such metropolitan networks, 


Electric Machinery 
44-35—The Asymmetrical Stator as a 


Means of Starting Single-Phase Induction 
Motors; J..L. Baum. 25 cents. A single- 


_, Phase induction motor with but one winding 


will have starting torque if the stator is not 
symmetric with respect to the center of each 
pole. This paper presents a mathematical 
analysis of this type of motor, deriving for- 
mulas to predict the performance and de- 
termine the effect of various details of design. 
Emphasis i is placed upon the motor using a 


varying air gap. Sample calculations are 


included. 


44-63—A Design Method for D-C.Ma- 
chines; M. I. Beers (A’43), J. H. Karr 
(A’32). 20 cents. The design engineer is 
often confronted with the problem of making 
use of standard mechanical parts from which 
the required motor performance is obtained 
by properly proportioning of the armature 
and field windings. The method of machine 
design presented herein utilizes the full-load 
performance requirements from which the 
windings can be determined directly. ‘The 
procedure does not present any new funda- 
mental theory, but rather a difference in 
design approach, or viewpoint. The method 


is illustrated by the use of a numerical ex- , 


ample showing a typical design of a d-c 
series motor and the test results of the ‘Par- 
ticular sea 


TBEt Satan Winding for Single-Phase 
Induction Motors; C. G. Veinott (M °34). 
30 cents. Methods are given to enable the 
design engineer to determine the best start- 
ing winding and the best capacitor, reactor, 
or resistor required to meet any specified 
requirements. The methods given have been 
in actual use by design engineers for aver 12 
years and are as useful today as they were 
when developed. Simple circle diagrams 
depict graphically the principles involved 
in the method. Some practical observations, 
based on experience, are given. A calcula- 
tion form, with sample calculations, is also 
included. 


| 


44-65—Thermal Protection of Trans- 
formers Under Overload Conditions; V. 
M. Montsinger (F’29), G. Camilli (F’43). 
Overloads in close agreement with 


by the AIEE and American Standards As- 
sociation (Test Code C-57.3) now can -be: 
obtained by the use of a relay controlled by 
a specially designed heating coil, the time 
constant of which is large in comparison 


with that of the winding. Similar results. 


also can be obtained by the use of a heating 
coil, the time constant of which is about the 
same as that of the winding, for operating 
a relay that is compensated for changes in 
ambient temperature. A thermal protective 
system has been developed which will per- 
form three separate functions: control fans, 
give a warning signal, and sound an alarm 
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~ of the principles involved aids in intelligent 
‘temperature. The usefulness ofthe American _ RY 


‘formers would be increased by the inclusion — 


- Case. 
principles on which the present ‘rules are. > 


‘ing. The impulse and 60-cycle data in this 


 44-41—Rectifier Circuit Duty; C. Com 
The design and 
= 


or if desired trip the transformer off the cir- 
cuit. A diagrammatic sketch and photo- 
graphic prints show the various combina- __ 
tions ef bulbs and relays available. It is 
believed that the system allows transformers 
to be loaded more nearly in agreement with’ 

the recommended industry loadings than ta 
any previous available device. 


« 


a 
44-66—Overloading of Transformers— . 
Cases Not Covered by the General Rules; — 

W. C. Sealey (M38), J. B. Hodtum (M °26), P 


75 cents. The general relations covering the 
heating of transformers and the effects of this 
heating on safe overloads are simple in’ - 


. principle, but the mathematics involved are 


When suitable curves are used | 
to express the relations, the simplicity is 
evident. Loading of transfect and other | 
equipment by temperature is increasingly oa > 
common and rightly so. An understanding _ 


complex. 


application of information for loading by © s 


Standard Guide for Operation of Trans- _ 


of temperature time charts so that a ae ; 
may be obtained for the unusual loading — 
These charts are based on the same 


based. In addition to simplifying the pro-- 
cedure for taking care of special cases, such g 
charts present a graphic picture of the heat- 
ing relations of transformers. 


44-67—Effect of Altitude on . Impulse sooth 4 

60-Cycle Strength of Electrical Apparatus; - f 
P, L. Bellaschi (F40), P. Evans, Jr. (A. 38). 
20 cents. Altitude is accompanied by a = oi 
lowering of the air density (RAD) and affects — 
dielectric strength and thermal and other — 
performance of electrical apparatus. Much — 
research has been directed to these problems, _ or 


but certain fundamental data are still lack- 


paper should therefore be timely. The ap- ey 
paratus tested covers line and station in- Oe is 
sulators, bushings, wood crossarms and rod “ats 
gaps; indoor apparatus; also insulation ee 
engineering interest. The air strength of | 
apparatus to 1!/2 x 40-microsecond waves can 
be considered proportional to RAD. Sixty- a 
cycle strength and corona are similarly He 
fected. RAD corrections for front-of-wave_ i 
impulse are less. The oil strength of appara- 
tus is practically unaffected. Humidity and — 
other effects are influencing factors. Rating — 
of apparatus for high altitude should nore 
nize these facts. 


Electronics ; 


Herskind (M40). 20 cents. id 
application of\rectifiers may be considerably 
simplified and facilitated by defining the F 


action in terms of: re 


1. The cirevit duty imposed on the spans ve! by the 


current and voltage waves. ey 
2. The rectifier capacity . as measured in terms of the sit 
maximum circuit duty at which it is capable of Operating pi 
successfully. { } : 
; <a } 
. . ij 
The circuit duty is determined by the con- 


stants of the a-c and d-c circuit, inasmuch as 
the function of the rectifying element is es- 
sentially that of a switch. Withaknowledge 
of the circuit duty of the various rectifier 


\ t ee 


= 


ae 


., 


. 


ae, 
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cents. 


circuits, a given rectifying element may be 
‘used in new applications with full assurance 


if its capacity is known. This paper discusses 
eight specific factors which together define 
the circuit duty imposed on the rectifier. 


Various rectifier circuits are analyzed to 


show the functional relationship between 
these factors which define circuit duty and 
the circuit constants. The definition of 
circuit duty is essential to the engineer in the 


determination of the required rectifier ca-— 


pacity and the prediction of performance. 
The effect of phase control upon the circuit 


' duty imposed on the rectifier is discussed. 
The factors relating circuit arrangement to 


the duty under fault conditions also are con- 
sidered. A classification of the more com- 


‘mon rectifier circuits on the basis of circuit 


duty is presented, and some of the factors 
entering into the choice of circuit for par- 
ticular applications are discussed. 


Industrial Power Applications © 


- 44-39—Supervisory Control for the 
World’s Most Modern Steel Mill; P. |B. 
Garrett (M’30), M. E. Reagan (F°” 41). 
cents. Although supervisory-control systems 
have been used previously to control the 
oyer-all main power supplies for steel mills, 
they have, for the first time, been applied 
to the entire electric-circuit control of a large 
installation. The chief advantages. are to 
bring the control and supervision of all elec- 
tric circuits to one central location where the 
dispatcher has, at all times; a complete, 


accurate survey of all the generating, and- 


transmission and distribution circuits and to 
conserve vital war materials in the over-all 
construction program. The motor-room 
equipments are unattended, the starting and 
stopping operations being performed by the 
power dispatcher in a minimum of time. 
Power outages are quickly located and re- 


stored, 
! 


44-40—The Capacitor—An Aid to Electric- 


Power Service for Pipe Lines; M. A. 
Hyde, Jr. (A’27), R. E. Marbury (M 36). 

In the over-all design of an electrified 
oil pipe line, power service constitutes a 


major problem, not only because of its impor- 


tance in the economic structure, but also 
because it is a problem more varied in its 
component parts than almost any other phase 
of the project. Station designs are for the 
most part repetitive; power-service facilities 
up to the point of delivery vary widely from 
station to station. In the completion of three 
recent major pipe-line projects, power service 
has been facilitated in numerous instances by 
capacitors. 
imposed by war time conservation of power- 
service materials, capacitors have been the 
key to successful station operation, 


'44-60—Heating of Nonmagnetic Electrical 
Induction— 


Conductors by Magnetic 
Longitudinal Flux; R. M. Baker (M’40). 
30 cents. Most induction-heating problems 
for the sake of calculation can be resolved 
into the problem of heating a cylinder, a flat 
slab, the surface of a slab by a current-carry- 
ing conductor near the surface, or some com- 
bination of these. This paper outlines the 
method and gives the necessary equations 
for calculating these three cases for nonmag- 


‘netic materials. 
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_ are indicated by a 500-watt wattmeter. 


In some cases, under conditions 


tat 
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tee niecoeel pape for the War 
Emergency Pipe-Line Projects; £. E. 
Thomas (M°29), W. G. Taylor, Oscar Wolfe. 
25 cents. The 24-inch and 20-inch electrically 


operated record-breaking oil and gasoline 


pipe lines extend across the country from 
Texas to the Atlantic Coast. 


This paper \ 


describes the projects, typical pumping- — 


station equipment and methods of control, 
including an explanation of the automatic 
operating and protective features provided on 
the 20-inch pipé line. Discussions are given 


of the problems encountered ‘in providing — 
adequate single-phase protection, and in~ 


applying capacitors to improve unfavorable 
power conditions. Data are included toshow: 
engineering results obtained in applying 
power equipment under emergency war 
conditions. | 


Instruments and Measurements 


44-21—A Miultiplied-Deflection A-C Po-— - 


tentiometer; R. B. Marshall (A’40). 15 
cents. Several types of a-c potentiometers 
have been developed in past years, but each 
has been too complicated for common all- 
purpose usage. This paper describes a 
potentiometer that is, unusually easy to 
operate and has many ranges. It is portable 
and suitable for field measurements at power 
frequencies, No-effort was made to reduce 
the size and weight of the model described, 
but there is little doubt that it could be ar- 
ranged as a very compact instrument with 
self-contained indicating instruments. Since 
the instrument is-based on a null balance, it 
should be classified as a potentiometer. 
From another point of view it is an indicat- 
ing-instrument range extender for the results 
are obtained by observing the deflections of 
indicating instruments. Volts or millivolts 
are observed on a 150-volt voltmeter and 
amperes or milliamperes are indicated on a 
five-ampere ammeter. Watts or milliwatt 
In- 
pedances as low as a small fraction of an ohm, 


and as high as thousands of megohms can be ~ 


measured readily and their power factors 
determined. 


44-33—Crossed-Coil Power-F actor Meters; 
NV. P. Millar (application pending). 25 cents. The 


increased demand for the measurement of — 


power factor on single-phase and polyphase 
circuits has made it necessary to design instru- 


ments with a large number of scale ranges.° 


Application of an instrument to a specified — 


circuit condition and the scale range deter- 
mine the scale distribution. 
which control the scale distribution in the 


single-phase, three-wire two-phase, three-. 


wire three-phase, and four-wire three-phase 
crossed-coil type of power-factor meter are 
shown from the respective fundamental re- 
lations. Although limitations on the scale 
range and distribution necessarily are im- 
posed by mechanical design, a graph of either 


The factors _ 


the equilibrium expressions or the torque 


of equations emphasizes the theoretical possi- 
bilities of. sealeranges. These graphs aid ma- 
terially in the selection of the proper scale 
range for a given scale angle of deflection. 


44-31—Influence of Improved Magnetic 
Alloys on Design Trends of Electrical 
Instruments; M. S. Wilson (M43), J. M. 
Whittenton (4 °37). 15 cents. This paper re- 
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Study of saadieat Heah-. 
Paschkis, M. P. Heisler. (20: cei 
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while the waste is keuied 18 
All main-line tracks are 
equipped with permanent 
bution systems. All bench and 
are portable and are equipped with 
overhead distribution systems, Sixty 
cent. of the world’s copper is b' 
by open-pit mining of low-grade ore. | 
trification of haulage ways for oper 

mining is keeping pace with the sion 
and is modernizing the transportati hug : 
tonnages. Huge capacities necessital atin 
heavy cars, and heavy grades demanding 
short-period overloads have bee: esponsit ) 
for selecting the electric locomoti tive 
power. From the standpoint of 
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pacity, rail size, dump-car capacity, and 
nsity of traffic, most open-pit electrifica- 
ons compare in size with our large steam- 
ad installations and hold an important 
ce in the field of heavy.traction. In addi- 
bn to describing the haulage problem of 


asses the design of permanent and portable 
peetion systems. | 


4-25—Design Features ba Generators for 
iesel-Electric Switcher Locomotives; C. A. 


d demand for movement of raw materials 
ad finished products is demonstrating the 
pnvenience and effectiveness of the Diesel- 
ectric switcher locomotive. This paper re- 
ews both mechanical and electrical features 
generators recently developed for use on 
né medium and smaller sizes of switcher loco- 
Otives. Mechanical features refer espe- 
ally to mounting the generators and connect- 
ag them to the Diesel engine. Electrical 
erformance both as power generators and 


ell as the means for obtaining this per- 
rmance simply and reliably. 


26—Gear Ratio and Its Effect on Trac- 
on Motors; G. M. Woods (M°’43). 15 
nis. ‘The power of practically all traction 
10tors is transmitted to the vehicle’s axles 
iy means of gears. Developments in gear 
esign, gear materials, and heat treatments 
ave permitted progressively greater gear 
=ductions and, hence, the economical use of 
igher-speed motors. Higher speed results 
1 less motor weight and space requirements. 
resent-day traction motors weigh only 1/; 
S much as motors of similar capacity con- 
ructed 40 years ago. This reduction in 
ze and weight has made possible the con- 
uction of vehicles which afford a superior 
3 rvice to the public and are economical in 
peration. 
Iwer gear reduction on a specific motor re- 
alts in slightly higher schedule speed with 


ion ae motor-heating current. 


4-27—Diesel-Electric Switching-Locomo- 
ive Application by Means of Nomographic 
tharts; A. P. Millan, T. F. Perkinson. 15 
mis. ‘The application of switching ‘loco- 
10tives involves calculations of locomotive 
erformance under given conditions of grade, 
pain weight, and length of run. Such cal- 
ulations can be made quickly by nomo- 
raphic charts. Equipment-heating limita- 
ions on Diesel-electric and electric loco- 
1otives can also be checked by elements 
dded to the nomograms. The theory and 
ae method of construction of such charts 
re described in this paper. 


4-28—Modern Electric Locomotives in 
jpen-Pit Mine Haulage; J. E. Borland, 
. G. Riley. 15 cents. For the economical 
ieiage of large daily tonnages of ore and 
raste rock at the Morenci Mine of Phelps 
lodge Corporation, electric locomotives 
rere selected. There are now in use 16 
25-ton 750-volt d-c trolley locomotives, 
specially designed for open-pit haulage 
srvice. These units are equipped with 500- 
mpere-hour 500-volt storage batteries for 
‘ain movements on mining benches and 
ther unelectrified temporary tracks. The 
Bete also provide dynamic braking 


avon 1944 
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In frequent-stop city service. 


rge open-pit copper mines, this paper dis- 


twell (M43). 15cents. The present unparal- » 


8 engine-starting motors are discussed, as _ 


to assist in retarding loaded trains descend- 
ing heavy grades. A number of 125-ton 
Diesel-electric locomotives are used also in 
limited waste haulage and muscellaneous 


ii 


Power Generation 


44-30—Reclosing of Single Tie Lines Be- 
tween Systems; W. W. Parker (M37), 
H, A. Travers (A’41). 15 cents: This paper 
presents practical information for guiding 
the application of high-speed reclosing of 
single tie-line interconnections following a 
fault. The system performance during a 
reclosing cycle is analyzed, and the factors 
affecting the choice of switching and control 
equipment are discussed. The relative merits 
of three-pole (gang-operated) and single-pole 
(individually operated) breakers are com- 


pared for a large number of typical cases in, . 


the form of curves plotted between the power 
transmitted to the receiver system and the 
electrical length of the line. These curves 
show that single-pole switching in many 
cases offers a marked advantage over three- 


‘pole switching from the standpoint of tran- 


sient stability based on two wire to ground 
faults. Furthermore, additional advantages 
of single-pole switching occur because the 
majority of faults are single line to ground. 
The reduced voltage dips and decreased 
system oscillations with single-pole switching 


of such faults are also illustrated. 


“Power Systems Application of Carrier 


~ 


elatively great increase in energy eat ! 
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44-34—A Versatile Power-Line Carrier 
System; H. W. Lensner (A ’43), J. B. Singel. 
715 cents. In recent years power-line carrier 


has been used for a number of functions in > 


addition to relaying, such as telemetering, 
load control, and remote tripping. Any one 
function can be added to a carrier-relaying 
system merely by keying the transmitter. 


However, present-day installations often re- — 


quire that several quantities be transmitted 
over a single carrier channel simultaneously. 
In order to accomplish this, audio tones are 
added to the transmitter and tone filters to 
the receiver, each tone effectively providing 
an additional channel. A band-elimination 


- filter is used to allow voice communication 


between stations without interfering with the 
tones. To perform these functions and meet 
different ' line-tuning problems, unit-type 
equipment for indoor or outdoor use which 
is readily adaptable to the requirements of 


‘specific installations has been developed. 


Each unit performs a basic function, and 


suitable combinations of units allow a variety 


of applications. / 


. 


Power Transmission and 
Distribution 


44-23—The Effect of Kilovar Supply on the 
Design of Systems for Load Growth; 7. W. 
Schroeder (A °37), J. W. Butler (M °38), N. H. 
Meyers (A 41). 15 cents. The benefits that 


‘can be obtained by the use of shunt capacitors 


in electric power systems have been discussed 
many times in technical literature. The 
shunt capacitor ability to improve voltage 
and load power factor, thereby reducing 
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angles. 


‘power companies. 


losses, releasing circuit capacity, and post- 
poning the need for additional circuit ca- 
pacity, has been employed many times where 
economic considerations have justified such 
use. 
that the greatest use of a given system invest- 
ment may be had when the basic load kilovar 


‘requirements are supplied near the load by 


either capacitors or condensers. It is the 
purpose of the present paper to give some 


' indication of the economics and the benefits 


to be gained from an over-all-system basis, 
by including the capacitor located, in general, 
near the load, in the system plans for load 
growth—thus combining the two major fore- 
going thoughts. A synthetic but somewhat 


_ typical system with steam and hydroelectric - 


generation and industrial, commercial, and 
domestic loads was taken as the guinea pig. 


Operating conditions prevailing for present — 


loads and future loads of approximately 165 
per cent were studied. Alternative methods 
of taking care of the load growth and main- 
taining the same service requirements were 
compared from the operating and investment 
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44-50—An Eight-Year Investigation of 
Lightning Currents and Preventive-Light- 
ning Protection on a Transmission System; 


_ E. Hansson (M°35), S. K. Waldorf (M36). 


25 cents. The paper presents a detailed analy- 
sis of surge-crest ammeter records collected: 
on 308 miles of line. The distribution of 
strokes by years and by location has been 
reduced to numbers and found to be random. 


ments of counterpoise are compared, and 
the effects of bonding adjacent structures on — 
line performance are shown. Evidence is 
presented which indicates that the surge 
impedance of conductors on transmission — 
lines is less than 235 ohms. The data have 
been arranged with a view to using it for the 
predetermination of line performance from 
short-term records. Examples of such esti- _ 
mates are given and compared with actual 
experience. The frequency and magnitude — 
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of discharges through lightning arresters con- 


nected to well-protected lines are given. 


44-52—Fusing Practices on Distribution 


Systems; 7. S. Parsons (A’27), J. M. Wallace 
(A’47), 15 cents. Data on the fusing of pri- 
mary feeders and distribution transformers 
have been collected from more than 150 
The paper presents an 
analysis and discussion of fusing practices 


based on these data and gives a summary of 


the data collected. / 


44-53—Current Rating of Cables as Af- 
fected by Mutual Heating in Air or Con~ 
duit; Commitiee on Research, Insulated Power 
Cable Engineers Association. 30 cents. Cables 
installed in a group in air, either in conduit 
or without conduit, can carry less current — 
than a single isolated cable because of mutual 
heating from other cables in the group. This” 
effect has been recognized, but no reliable 
data are available as to the magnitude of this 
effect. The Insulated Power Cable Engineers 
Association sponsored the series of tests re- 
ported in this paper to determine the cor- 
rection factors which should be applied to 
the allowable loading of a single conduit to 
obtain the permissible loading for each con- 
duit when installed in a group. Various 
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groupings of conduits were tested as well as 


groups having different numbers of conduits. 
From the data obtained a table of correction 
factors was determined. It is shown that 

_ these factors are independent of the type ca- 


ble, kind of insulation, and the number of | 


conductors per conduit, so that a single table 

-may be used for all cables in conduits. 
Similarly, a second table gives the correction 
factors for groups of cables in air without 
conduit. This table is also independent of 
the type cable, kind of insulation, and the 
number of conductors in the cable. 


44-54—Calculation of Unbalanced Voltage 


_ Drops in Distribution Circuits With Par- 

_ ticular Reference to Multigrounded Neu- 
_ trals; W. R. Bullard (M’26), H. L. Lowe 
(M38), H. W. Wahlquist (M36). 195 cents. 
Basic vector relations underlying a simplified 
method of calculating unbalanced voltage 
_ drops in distribution circuits are presented. 
“4 The method is applicable particularly to 
* - circuits in which phase-to-neutral mutual 
___ impedances differ materially from phase-to- 
phase mutual impedances, but in which in- 
vi dividual impedances within each of the two 
_ groups do not differ greatly from each other. 
San _ Most circuits having multigrounded neutrals 
are of this general type. The method pro- 
____ vides for the combination of self- and mutud 
‘ impedances in such a manner that calculation 
ie. of voltage drops is reduced basically to a 
__ single vector multiplication of a current and 
o an impedance for each phase conductor’and 
for the earth-neutral combination treated as 
a single return conductor. 
~ calculation of approximate voltage changes 
BY Jide to unbalanced loads is reduced to a 
on ‘simple algebraic process. Examples of prac- 
tical working formulas and corresponding 

_ impedance data are given. 
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7's 44-62—Costs Study of 69-to 345-Kv Over- 
head Power-Transmission Systems; Te G 
} Holm (M29). 30 cents. Capital and annual 
costs are determined for a number of power- 
_ transmission systems. The systems transmit 
a “up to 800,000 kw over distances up to 500 
__ miles at voltages ranging between 69 and 345 
@ ‘kv. System costs are those which existed 
: immediately preceding the current war and 
2 are based on data obtained from manufac- 
turers of electric equipment as well as on 
actual data on a number of existing systems. 
_ Systems are equipped with devices for sta- 
bility improvement. The results show that 
_ there is an economic relationship among the 
transmission voltage, the block of power 
transmitted, and the transmission distance. 
__ Expenditures for devices for increasing the 
system-stability limit have proved to be amply 
justified, A kilowatt-mileage region is out- 
lined for which the transmission with 345 kv 
___ is more economical than with 230 kv. Curves 
are given from which costs of various power- 
transmission systems may be estimated. 
Costs are represented on a percentage basis 
in such a fashion that system costs may be 
easily evaluated at prices other than those 
taken in the study. 
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Protective Devices 


| 44-37—High-Voltage Oil Circuit Breakers 
for Rapid Reclosing Duty; A. W. Hill 
(M’47),-W. M, Leeds (M’38). 20 cents. 
Experience has shown that high-speed re- 
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closing ‘of circuit breakers on transmission has b 


lines at voltages up to 132 kv can be of con- 
siderable value in maintaining system sta~ 
bility and continuity of service. This paper 


‘describes a new line of outdoor oil circuit 


breakers and the special design features mak- 
ing them suitable for 20- and 35-cycle re- 
closing duty at voltages as high as 230 kv. 
Data are included showing high-power labo- 
ratory short-circuit tests on these duty cycles 
at 138 kv and 230 kv at currents correspond- 


ing to three-phase duty of more than 2,500,- 


000 kva. 


44-44—The Geometry of Arc Interruption 
—II, |Current Zero Phenomena; £. VW. 
Boehne (F°43). 30 cents. The manner in 
which the current is modified in the region of 
the current zero at which interruption takes 


place may enhance or jeopardize the circuit 


interruption. An abrupt interruption of 


‘current may produce lower or higher re- 


covery rates, with either accompanied by 
higher transient recovery voltages. The 
advent of the modern air circuit breaker is 
recapitulating the early advances with oil. 
It has widened the practical possibilities of 


controlling the’ current-zero phenomena. — 


Breakers are now available which, instead of 
producing an abrupt interruption near cur- 
rent zero, permit the current to be deflected 
in such a manner as to arrive at zero current 
at a time later than indicated by the normal 
path of the current. Since the rate of rise of 
recovery voltage is dependent upon the rate 
of decay of current, these factors are impor- 
tant to circuit-breaker performance. These 
phenomena are presented in a descriptive 
manner, which is backed up with a rigorous 
mathematical analysis which outlines in 
equation and curve form, the complete evo- 
lution of the recovery voltage characteristic 
as the current is modified from one extreme 
to the other. Oscillographic verification of 
the various recovery voltage phenomena are 
presented. The phenomena of damping take 


on anew aspect. The analysis, in effect, adds - 


a new dimension to the rigorous treatment of 


circuit interruption, and comes closer than 


previous simplifying assumptions to explain- 
ing the true nature of circuit performance 
during the period of current interruption. 
An attempt is made to exhibit this three- 
dimensional analysis graphically in such a 
way as to impart a broader insight into the 
handiwork of Mother Nature in one of her 
more legerdemainic moments. 


44-46—The MHO-Carrier Relaying 
Scheme; R. E. Cordray (M ’43), A. R. van 
C. Warrington (A°31). 25 cents. Present-day 
distance and carrier relays are limited by the 
amount of power-swing current that they 


_ can allow to flow in a protected section of line 


without tripping. The longer the line, the 
less the power-swing current permissible, 
because distinction between swings and faults 


is not, possible when the impedance seen by - 
the relays for fault and normal conditions 


approaches the same magnitude. The 
method of plotting power-swing loci and re- 
lay characteristics on the same impedance 
diagram has facilitated the design of relays 
to trip not only on faults but on unstable load 
conditions, and to refrain from tripping on 
loads and power swings from which the sys- 
tem is considered likely to recover. The new 
relays measure admittance and are called 
mho units. A distance-carrier relay scheme 
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44-47—A Magnetic-Typ 
Breaker for 15,000-Volt 
Linde (A’39), B. W. Wyman 
cents. This paper describes the 
of a magnetic air circuit 
Magne-Blast type for 15, 000- 
with an interrupting 


developed for lower voltages 
the effectiveness of rapidly 4 
electric resistance of the are prior to i 
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lan ground-relay re are discussed, 


reaker for Steel-Mill Service; 
ickinson (M’41). 15 cents. Heretofore it 
as not been economically feasible to build a 
elf-contained air circuit breaker for a rating 
£500,000. kva at 7.5 kv. The developments 
sading to this rating are described. Also, 
description of the breaker and the peculiar 
esign problems are presented. Test data 
vith oscillograms are shown. . 


4-68—System Voltages and Fault Cur- 
ents Determined Easily on D-C Board; 
_E. Asbury (A’39). 20 cents. A systematic 
aethod of procedure is outlined for obtaining 
ymmetrical components of voltages ard 
urrents on the d-c calculating board. The 
sitive-sequence network and a zero-se- 
uence network with impedances reduced to 
ne half are used. An analysis is given show- 
g how all the necessary currents and volt- 


28 on these two networks. 


mesthetized Men; W. B. Kouwenhoven 
F 34), D. R. Hooker, J. A. York. 15 cents. 
Chis paper describes the results of a study in 
vhich the Schaefer prone-pressure method, the 
dified prone-pressure method in which the 
ds are rolled or snapped off the subject’s 
ick, and the pole-top method were applied 
© anesthetized men. Three subjects were 
sed in the investigation. The subject’s nor- 
breathing and his chest expansion and 
sontraction were first measured in a conscious 
ondition. While the subject was still con- 
us all three methods of artificial respira- 


lon were applied. Following this the anes- - 


hetic was given and when the subject was 
mconscious and completely relaxed the three 


rtificial respiration tests were repeated. It 


was found that the air moved per respiration 
inder artificial respiration is equal to or 
sreater than the natural breathing of the 
sonscious subjects and that all three methods 
f artificial respiration provide ample venti- 


ation of the lungs, the pole-top method being 


lightly i in the lead. 
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4-69—The Vibtation of Electrical Con- 
acts; M. N. Russell, Saul Keilien. 15 cents. 
Dbjectionable effects of electrical contacts’ 
ibrating during their ‘““making”’ period are 
liscussed; Contacts that do not “make” 
vithout vibration or’ without bouncing 
horten the life of switching devices consider- 
bly, particularly in circuits involving high 
nitial power surges. Means for suppression 
f Eontact vibration are discussed. The prac- 
cal solution is given for knife-type contacts. 
raphical explanation of preloaded contact 
ings is given. Tests of switching devices 
tid properly designed contacts disclosed 
edingly long life, even when controlling 


* contained lamps as load. 
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4-56—A_ 500,000-Kva 7.5-Kv Air Circuit 
Pe ake. | 


4-22—Study of Artificial ie epeelion on 
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‘Vannevar Bush (A’15, F 24) president, 


Carnegie Institution of Washington (D. C.), 
and Director of the Office of Scientific Re- 
search and Development has been awarded 
the Edison Medal for’ 1943 for ‘his contri- 
bution to the advancement of electrical engi- 
neering, particularly through the develop- 
ment of new applications of mathematics to 
engineering problems, and for his eminent 
service to the Nation in guiding the war re- 
search program.’ Doctor Bush, the 33d 


recipient of the Medal, was born in Everett, 


Mass., March 11, 1890, and was graduated 


from Tufts College with ‘the degrees of bache- | 


lor and master of science in 1913: he 
has received honorary doctorates from 
that institution and from nine other lead- 
ing colleges and universities. 


Institute (1928), the AIEE Lamme Medal 
(1935), the Holley Medal of the American 
Society of Mechanical Engineers, and the 


John Scott Medal of the Philadelphia City — 


Trustees (1943), His first position was in 
the testing department of the General Elec- 
tric Company, Schenectady, N. Y., in 1913. 


After a short time with the inspection de- 


partment of the United States Navy, he was 
appointed to the faculty of Tufts College in 
1914 as instructor in mathematics and in 


1916 was made assistant professor of electrical 
engineering. ‘In 1918 and 1919 he was en- 


gaged in research on submarine detection 
for the United States Navy. He was em- 
ployed as consulting engineer by the Ameri- 
can Radio and’Research Corporation, Med- 
ford ‘Hillside, Mass., from 1917 to 1922. 
Doctor Bush joined the staff of the Massa- 


_chusetts Institute of Technology as associate 


professor of electric-power transmission in 
1919, becoming full professor in 1923 and 
vice-president and dean of engineering in 
1932. He was elected president of the Car- 


-negie Institution of Washington in 1939. 


President Roosevelt appointed him chairman 
of the National Defense Research Committee 
in 1940, director of the Office of Scientific 
Research and Development in 1941, and 
chairman of the Joint Committee on New 
Weapons and Equipment of the Joint United 
States Chiefs of Staff in 1942. Particularly 


interested in the design of scientific calculat- _ 


ing instruments, Doctor Bush is the builder 
of the differential analyzer and the author of 
“Operational Circuit Analysis’ and joint 
author with W. H. Timbie of “Principles of 
Electrical Engineering.’ Doctor Bush is 
also a director of the Raytheon Manufactur- 


_ ing Company, a trustee of Tufts College, 


Vannevar Bush 


\ 


Institute Activities 


-% 


. American Academy of Arts and Sciences, the _ 


Previously 
he received the Levy Medal of the Franklin , 


_of research for the Marconi Wireless Com- — 


' Carnegie-Illinois 


f ' X mire 

Brookings Institution, and the Woods Hole 
Oceanographic Institution; a regent of the 
Smithsonian Institution; a life member of 
the Massachusetts Institute ‘of Technology 
Corporation; anda member of the business 
advisory council of the United’States Depart- 
ment of Commerce (1939-41). His society _ 
affiliations include membership in the Ameri- 7 
can Association for the Advancement of 
Science, the American Physics Society, the 


American Philosophical Society, the Ameri- 
can Society of Mechanical Engineers, and 
the Society for the Promotion of ee 
Education. He also is a member of Tau 
Beta Pi, sigma Xi, and Phi Beta Kappa. 


A. N. Goldsmith (Mm 15, ¥°20) consulting 
engineer, New York, N. Y., has been ap- — 
pointed vice-chairman of ihe Radio Tech- 
nical Planning Board. Doctor Goldsmith — 
received the degrees of bachelor of science To, 
from the College of the City of New York __ 
(1907), doctor of philosophy from Columbia — 
University (1911), and the honorary degree 
of doctor of science from Lawrence College — 
(1935). He was attached to the faculty. =o 4 
the College of the City of New York (N. ys C, a he! 
from 1906 to 1923. He has been director — 


pany of America (1917-19), and director o 
research, chief broadcast engineer, and vice- | 
president of the Radio Corporation of © 
America, New York, N. Y., (1919-33), anes , 
is the holder of more than 100 patents. — 
Doctor Goldsmith is a charter member and _ 
fellow of the Institute of Radio Engineers, ie yA 
member of that society’s board of directors, — 
and editor of the Proceedings of the IRE. Ces 


J. J. Booth (A 13, F739) ee ‘asain 
superintendent, maintenance department, 
Steel Corporation, Du-- 
quesne, Pa., has been appointed superin- 
tendent of that department. Mr. Booth has 
been associated with subsidiaries of © the tl 
United States Steel Corporation since 1913 Am 


when he entered the clectrical-engineering — 


, 
ae 
eS 


a 


Edgar Thomson Works. He was Galea “i 
to the National Tube Company, re Ind., 7 


electrical department. 
Carnegie-Illinois Cae in 1935, 4 
became assistant superintendent of main- 

tenance. 


assistant manager, central station — 
department, Westinghouse Electric - and % 
Manufacturing Company, East Pittsburgh, 
Pa., has been appointed manager of the 
central-station department. Employed by ‘ae 
the Westinghouse company since 1923, Mr. | — 
Fort was assigned to the sales department ny: 
until 1927 when he was transferred to 
Albany, N. Y. From 1931 to 1940 he was “* 
attached to the company’s New York, N. Y., 
office and in 1940 became assistant manager _ 
of the central-station department. 


William Marcus Potts (A’36) chief elec- , 
trician, Pacific Coast Borax Company, 

Boron, Calif., is not the William M. Potts 

who died in "June 1943 as was erroneously 
reported in the November 1943 issue of — 
Electrical Engineering. The latter was notan 
AIEE member. - " 


L 
7 
\ La 
4 
‘ 


" 


F. E. Kulman (A °30, M°39) formerly junior 


engineer, electrical-engineering department, — 


Consolidated Edison Company of New York 


(N. Y.), Inc., now a lieutenant in the United 
States Navy, is stationed at the Brooklyn 
(N. Y.) Navy Yard. 


OBITUARY 


Hamilton Gray Scott (A’11, M15) former 
public-utility executive, died November 1, 
1943, in New York, N. Y._ Mr. Scott, who 
was born in Pate:son, N. J.,:December 29, 
1882, commenced his career as chief elec- 


trician for the Rogers Locomotive Works in 


Paterson, in 1905. In 1908 he was em- 
ployed as a salesman for the Fletcher Stanley 
Company and from 1909 to 1912 by the 


_ Shelby (Ohio) Electric Company as salesman 


and southern sales manager. During 1912 
he had charge of the power contracts for the 


_ Central Georgia Power Company, Atlanta. 
‘ He held the positions of general manager 


and vice-president of the Virginia Power 


Company from 1912 to 1915 and that of 


vice-president from 1915 to 1918. Joining 


the Charleston Industrial Corporation in 
1918 as president, he became chairman of 


_ Electric Company and its subsidiaries. 
_ organized the Fidelity Public Service Com- 


* 


and vice-president in 1928. 


the board in 1923. From 1923 to 1925 he 
was also president of the Columbia Gas and 
He 


pany, which eventually became the Public 
Service Company in 1927, and later 
organized the Memphis National Gas 
Company. He was chairman of the board 
of the Servel Corporation and helped form 
the Electrolux Servel Corporation. In 
addition he served as vice-president of the 
Union Gas and Electric Company and the 
United Fuel Company. He retired in 1926 
but retained directorships in several cor- 
porations and in 1941 returned to active 
work to convert the Pathe Engineering and 


_ Tool Manufacturing Company, Long Island 
_ City, N. Y., to war production, 


Howard Ussher Stanley (A’07, M’19) 
plant engineer, Berkshire Fine Spinning 
Associates, Providence, R. I., died October 
18, 1943. Mr. Stanley, whe was born July 
6, 1884, in Beverly, Mass., received the 
degree of bachelor of science in electrical 
engineering from the University of Maine in 
1905. He worked in the testing and con- 
struction department of the Stanley-G. I. 
Electric Manufacturing Company, Pitts- 
field, Mass., until 1907. He was employed 
as construction foreman for the General 
Electric Company in Schenectady, N. Y., 
from 1907 to 1909, and in Boston, Mass., 
from 1910 to 1912, and was transferred to the 
district engineer’s office in 1912. Joining 
the Fall River (Mass.) Electric Light Com- 
pany in 1914 as electrical engineer, he 
became general superintendent in 1916 
In 1930 he was 
employed by the New England Power’ Engi- 


neering and Service Corporation, Boston. 


He» commenced his association with the 
Berkshire Fine Spinning Associates in 1933 
at Fall River and in 1937 was transferred to 
Providence, R. I. An active member of the 
AIEE Providence Section since its organi- 
zation in 1920, Mr. Stanley served as Section 


32 


~ 


committees. 


5 a Tae I 7 ‘* yaa ms 

i f ' J ‘ *, 
chairman (1923-4) and at some time had 
been a member of each of the Section’ s 


t 
Pa 


Roy Edwin Reid (A ’12) engineer, Portland, 
Oreg., died in October 1942. Born Feb- 
ruary 14, 1880, in Jacksonville, IIL, Mr. 
Reid attended the University of California. 
From 1900 to 1904 he was a tester in the 
electrical department of the Union Iron 
Works, San Francisco, Calif. In 1910 he 
worked as electrician for Natomas Con- 
solidated of California and in 1911 for the 
Pacific Light and Power Corporation, Re- 
dondo Beach, Calif., and on the Los Angeles 
Aqueduct, Inyo-Kern, Calif. He was em- 
ployed as electrician by the Powder River 
Gold Dredging Cqmpany, Sumpter, Oreg., 


from 1913 to 1922. Joining the South 


Park Dredging Company in 1922 he was 
employed as electrician at Fairplay, Colo., 

and from 1924 to 1928 as assistant super- 

intendent at Featherville, Idaho, and Ash-. 
land, Oreg. He worked as an electrician for 

the Northwestern Electric Company, Port- 

land, Oreg. from 1929 to 1933. In 1934 

he was employed as engineer by the La 

Grange (Calif.) Gold Dredging Company 

and the Yuba Consolidated Gold Fields and 

became assistant superintendent for the 
latter conipany in 1935. In 1939 he was 

transferred to the operating department in 

Durham, Calif. 


_ James Watt Cochrane (A ’42) erecting engi- 


neer, Canadian General Electric Company, 
Ltd., Toronto, Ont., died November 6, 1943. 
He was born Sentemier 5, 1894, in Kin- 
cardine-on-F orth, Scotland, and started ' 
working as an apprentice in mechanical and 
electrical engineering for Robert Melvin 
and Sons, Alloa, Scotland, in 1908. In 
1913 he went to sea for the J. R. Ellerman 
City Line operating in the East Indian trade 
as junior and senior engineer. From 1915 
to 1918 he served in His Majesty’s Royal 
Naval Reserve as engineer sublieutenant 
and was decorated with the Distinguished 
Service Order. From 1919 to 1921 he was 
employed as marine engineer by the Union 
Castle Mail Steamship Company and from 
1921 to 1923 was occupied in erecting a 
turbogenerating station in Tanganyika Ter- 
ritory, East Africa, for the Metropolitan- 
Vickers Company, Ltd. Since 1924 he had 
been employed as construction engineer by 
the Canadian General Electric Company. 


Peedarick Hero: Reid (M 28) Areatdone 


of the Mountain States Telephone and 
Telegraph Company, Denver, Colo., died — 
October 29, 1943. Mr. Reid was hon in 
Inverness, Scotlands April 6, 1880. His first 
association with the telephone industry was 
_as clerk to the superintendent of the Colorado 
Telephone Company, Denver, in 1902. In 


' 1904 he was made chief clerk to the general 


superintendent and in 1907 chief clerk to 
the general manager. He joined the Moun- 
tain States company as assistant to the 
general manager in 1914, and in 1915 be- 
came assistant general manager. He was 
appointed general manager in 1920. After 
serving as vice-president of the Southern 
Bell Telephone and Telegraph Company. 
Atlanta, Ga., from 1922 to 1924, he returned 
to the Mountain States company as presi- 
dent. Mr. Reid was a former president of 
the Telephone Pioneers of. America, 


Institute Activities 


national secretary. 


~ Cassell, W. L., prof. of elec. engg., Iowa State 


' Cavagnaro, A. E., engr., Columbia Engg. c 


Cole, J. D 5 
Daily, C. F., engr., American Tel. & Tel : 


Harmer, W: Ry 1 ee e 


_ of these candidates should so in: orm the na 
_ tary before December 31, 1943, or Febru 


The board of Saison at its meeti 
22, 1943, recommended the following 
fer to the grade of membership indicated. _ 
tion to these transfers should be filed at 0 cew 


To Grade of Fellow 


Labs., Inc., New you N. Y. 
Schilling, E W., head, dept. of 

engg., fontana State Colleg: 
Shuler, Wim. 


mer., elec. engg,. R 
and teatin div., Dayton Power & Ligh 


Dayton, Ohio. J 
3 to grade of Fellow “oe 


To Grade of Member 


aoneeh, H. G., asst. chief engr., Philadelphia E ect! 
Co., Philadelphia, Pa. 
Arndt, M. H., head; Steam Pignee Unit, Rural 
fication Adm., St. Louis, Mo. 
Beichley, F. W., district engr., Westinghouse 
Mig. Co , San Francisco, Calif. 
Bennett, a R., member of technical staff, Bell Telephe nok 
Labs., Inc. .; New York, N. Y. 
Blackburn, Jt Les relay a plication engr. 


_ Elec. & M fg. Co., Newark, N. J. 
Boldt, W. F., elec. engr., Curtiss-Wright 
son, Mo. 


Broekhuysen, W. G., elec. engr.; American Mac! 
Foundry Co., Brooklyn, 5 

Brown, W. A. R., ‘Section bg RCA Frequency } 
New York, N. Y. 


Ames, Towa. 


cinnati, Ohio. 
Cline, R. F., research elec. engr., Norton Co 
oe Gan 
Melee engr., Russell Electric ( 


nati, Ohio. 
Davis, R. F., engr.; American Tel. & Tel. G 
"Yorks Novo 


tric Power Comm. of Ontario, Toron’ 
Herring, F. M., senior-engr., Baltimore Transit 
Baltimore, Md. 
Horn, R. C., engr., Southwestern Bell Teleph 
St. Louis, 0. ms 
Lane, R. A., investigator of plant tests, Co 
_ Hydro Plant, Conowingo, Md. 
Tate t R. ve eouenleas engr., Black & Veatch, 2 
City, Mo. 
Mascott, Luis, engr. and professor, Mexico, 
Mexico, ~ 
May, M.S., service mgr., Speer Carbon Co., St. 
Pa. 
McCann, G. D., transmission en 
& Mfg. Co., E. Pittsburgh, 5 
McMains, T. F., division traffic oat it ‘West 
Telegraph Co., New York, N. 
Menut, J. G., principal engr., (P-6) Power | 
De artment, Washington, D.C. : 
Miller, E. F., elec. engr., Iowa Illinois Gas & E 
Rock Island, ill. 
Phillips, A. H., chief elec. engr., Gilbert 
eading, Pa. ’ 
Pierson, W. H., elec. desi; men Chemical € 
Corp., New York, N. 
Richardson, A. G., senior engr., E Federal Te 
Radio Labs., ‘New York, 
Schroeder, T. W., elec. engr., oe Elect 
Schenectady, Nak. 
Shelby, R. E., development engr., National Br ad 
0.5 New York, NY 
Shipley, R. B., asst. see énge., UrS.ni; 
Philadelphia, Pa. 
Smith, F. W., associate professor of elec. eng 
Colle e, Easton, Pa. 
Streifus, 
York, 
Sunde, E. Da member of. technical staff, 
Labs., Inc., New York, N. : 
Uhlendorf, E. De vice- realteat ‘Public 1 
‘& Service Corp., Chicago, Th. 
Zuch, H. W., chief “elec. engr., University < ° 
Austin, Texas. ' 


36 to grade of Member 


2A. elec. engr., Ebasco Services, 


Applications for Election | 


Applications have eee reed at 
from the following candidates for electi 
ship in the Institute. 
United States and Canada are arrange 
District. Any member objecting to 


if the applicant resides outside ‘of the Unit 
Canada. 


Te. Grade of Member 


Adams, J. T, (Reelection), Pub. Service C 
Medio Ohl m), ER Service C 


BR, EJ Electric Tastallation: Gos Louisville, 


Fis Be A. Neri, Inc., Hoboken, N. J. 
arts, W. , Great American Industries, Meriden, 


mn. 

onald, D. D., American Tel. & Tel. Co., New York, 

ouglass, D. D., Chevrolet Gear & Axle Div. of G. M., 
troit, Mich. 


o, F. iG. S., British Admiralty Tech. Mission, | 


ittawa, Ont., Can. 
rummond, W. D. (Reelection), Westinghouse E. & M. 
_ Co., Cincinnati, Ohio. 
lunlop, C. E., Perron Gold Mine, Ltd., Perron, Que., 


an. 
oh E. C. (Reelection), Harvard Univ., Cambridge, 


theridge, iL. (Reelection), Senior Electrical Engi- 
neer, U. S. Army, New York, N. Y. 

yford, C. T., British Columbia Ble “Ry. Co., Ltd., 
Vancouver, B. C., Can 

ae B geo MiRedlection), Rolins Co., New York, 

laherty, E. Be Lieut. Comdr., USNR, New York, N. Y. 

rost, D. K., Mattison Machine Works, Rockford, Il. 

ae Le Te Petroleum Adm. for War, Washington, 


asgarth, R. H., Dravo Corp., Pittsburgh, Pa. 

RwA,, Central Il. Light Co,, Peoria, Ill. 
ennell Po Tenn. Valley Authority, Knoxville, Tenn. 
-ent, (Reelection), General Electric Co., , Fort 

Wayne, Ind. a) 
ewley, R. K., J. 1. “Case Co., Rockford, Ill. 


ore. E E., Brewster Aeronautical Corp. .» Long Island 

ty, N: 

ocke, M. We ‘Commonwealth Edison Co., Pekin, Ill. 

uukey, M. E., Public Service Co. of Northern Til. 
Chicago, Til. 

foore, M. M. (Reelection), Federal Power Commission, 
‘Washington, D « 

licholas, T. E., Simmons Aerocessories, Long Island 
City, N. >a 

oulter, R. C., ees McLean Publications, Ltd., 
Toronto, Ont., 

oe B. (Recledian); Johnson Fan & Blower Corp. 5 
thicago, Ill. 

‘oss, F. U., Saar Elec. & Pr. Co., Portsmouth, Va. 

t. John, M. C., U.S. Engineer Office, Galveston, Texas. 

aveland, B. W., The Austin Co., Cleveland, Ohio. 

ay We A. (Reelection), Boeing Aircraft Co., Seattle, 

‘as 

chon, E. B., Allis-Chalmers Mfg. Co., West Allis, Wis. 

mith, F., ‘g Supt of Fire Alarm, City of Tulsa, Okla. 

mythe, K , Glenn L. Martin Co., Baltimore, Md. 

wed. peereetch Co , Bound Brook, N. J. 

on, ‘HH 


oe F., Parkhill-Wade, Los Angeles, Calif. - 

H. , Brooklyn Edison Co. » Brooklyn, N. Y. 
Ward Research Products Co., Sherman 
oo. ‘alif. 

Vendt, W,, Gulf States Utilities Co., Beaumont, Texas. 
Vieking, W. C., R. Hoe & Co., Inc. New York, INE Ye 


Bierade of Member 
led 
| = 


co Grade of Associate. 


he 
Inited States and Canada 


| es 


i ‘Norra EASTERN - 


ae A., Bethlehem-Hingham Shipyard, Inc., — 
Hing’ an,» Mass. ; 
satin er, W. F., Central N. Y. Power Corp., Syra- 


__cuse, 
ae M.E. Jes Gen. Elec. Co., Scheriectady, N. Y, 
air, L. M., Eastman Kodak Co., Rochester, N. Y. 


5 Diecopie EAsTERN 


, C. A., American Shipbuilding Co., Lorain, Ohio. 
ayy A, H., Westinghouse E, & M., East Pittsburgh, 
Pa. 


, F. O., B. F. Goodrich Co., Akron, Ohio. — 
h adler, A. H., Consolidated Gas Elec. at & Be 
» Baltimore, Md. 
eee. o., Jt I-T-E Circuit Breaker Co., Phila- 


peel Pe ae 
‘ Bethlehem Steel Co., Sparrows Point, Md./~ 
Lb. , American Shipbuilding Co., Cleveland. 


ay 
M. T., West. E. & M. ear Baleares: Md. 
Se °K. bg West. E, & M. Co., Cleveland, 
hio 


Co. 


fcAdie, C , Monitor Controller Co., ane Md 
fumma, R ma. National Cash Register Co., Dayton, 
Ohio, 


‘iedeck, ot A., Lehigh Valley R.R., Bethlehem, Pa. 


eo ep American Aircraft ‘Associates, Dayton, 
ads P. y U. S. Navy Dept., Washington, D. C. 
anaidge, P. ’, Trumbull Elec. Mfg. Co., Norwood, 
Ohio. 


acksteder, A, J., Frigidaire Plant #2, Moraine, Ohio. 
cheide, C. Ade American Shipbuilding Co., Lorain, 


Ohio. 
age . M., Greenville Elec. Light & Power Co. 
ee 3 iated Com anies, Greenville, Ohio. 
mith, E.R ., Ohio Pub. Service Co., Warren, Ohio. 


am H. C., Bell Tel. Labs., Inc., Oleveland, Ohio. 
we, R. E., Westinghouse E. & M. Co., Dayton, Ohio. 
he EX. pretieeHien) Chesapeake & Potomac Tel. 


 Co., Washington, D. 
| i E. H. et Naval Research Lab., SEAS HOE 


F Colman, A., Bless Tech. Labs., Inc., Leonia, N. J 


., Indiana B 1 Tel. Co., Indianapolis, ; 


“Bridgeman, M. J., A. O 


ay New York City . 
eae ee S. S. White Dental Mfg. Go., Siaten Island, 
py Seen F. ey (Reelection), T. A. Edison, Inc., West 


Orenke, N. ae 
Batt, L (Reélection), Pub. Serv. Elec, & Gas Co., 


Newark, 
Brauner, O, I eae Inc., New York; N. Y. 
ree Sergei, N , Lieut., U.S. Army, Middle Village! 


Causin, Xz Standard Switchboard Co., Brooklyn, N. Y. 
Cipriano, Cc. J., 46 Davis Road, Port Washington, N. Y. 
ark 4 Den OR ‘Signal Corps ‘Laboratories, Eatontown, 


Davis, F., Wright Aeronautical Co Woodridge, N. J. 

Duell, P. G., F. L. Smidth & Co. New York, N. Y. 

ae ee Cc. K., Wright Aeronautical Corp. -,5 Wood- 
ridge 


gear wR jae Aeronautical Corp., Woodridge, 
Farrell, R. P., Ward Leonard Elec. Co., Mt. Vernon, 
Pokey AW, Gen Aviation Equip. Co., New York, 
Goldman, S,, Bogue Elec. Co., Paterson, N. J. 

Hagen, aie G. S., Board of Transportation, City of New 
Hammell 8. Ss, ron , Wright Aeronautical Corp., Woodridge, 


Hill, aa P., Federal Tel. & Radio Corp. .,! East Newark, 


ee M. A,, N. J. Bell Tel. Co., Newark, JN NE 
Katibah, E. E, ons. Edison ‘Go. of N. Y , Inc., New 
York, N.Y. 


King, E., "Todd Shipyards Corp., Hoboken, N. Fs 
Kraus, a. T., Gielow, Inc., New York, N. Y, 
Krommenhoek, C., Todd Shipyards Corp., Hoboken, 


N.J. 
Larkin, J., Century Elec. Co., New York, N. Y. 
Lucas, W., General Cable Corp., Perth Amboy, Se) 
Marino, D. A., George G. Sharp, New York, N.Y. | 
eos M. fe Standard Oil Co. of N. J., Elizabeth, 


Metz, R, P., Westinghouse E. & M. Co., Newark, N. J. 
phar es J. W., Pub. Service Elec. Lab., Maplewood, 


J 
Neri, J. M. (Reelection), A. Neri, Inc., Hoboken, of a 
Nordlindh, H.,‘Gibbs & Hill, Inc., New York, N. Y 
Offrell, T., F. L.Smidth & Go. New York, N.Y. 
Oseroff, D. M. (Reelection), TS G. White Engg. Corp., 
New York, N. Y. 
ee 2s -W., Bell Tel. Labs., Inc., New York, 


Somers, F. C., Standard Oil Dev. Co., Elizabeth, N. J. 
Swedlow, S., ¢. J. Tagliabue Co., Brook lyn, N. Y. 
Taylerson, ie E., Federal Shipbldg. & Dry Dock Co., 
Port Newark, N. J- 
Mio erie (Reelection), James Stewart & ro New 
or 

Volavka, w., Long Island Ltg. Co., Mineola, N.Y. © 
Wengaeen Kem J., Sperry Gyroscope Co., Brooklyn, 


Wertz, R. J., Cameron Mach. Co., Brooklyn, N. Y. 
Yates, F. ee Diehl Mfg. Co., Somerville, Nae 
Young, T ae (Reelection), Bell Tel: Labs. es New 
York, Ge 
Zeese, Be es Cons. Edison Co. of N. Y., Inc., New York, 
! 


N. 
Zugale, P. J., N. J. Bell Tel. Co., Newark, N. J. 


4, SouTHERN 


Adams, R. B., Tenn. Valley ree Rikoivilles Tenn. 
Alleman, J Te Mathieson Alkali Works, Lake Charles, 
La. 


Barnette, N. H., Louisiana Poly. Tech. Inst., Ruston, 


La. ‘ 
Bell, P. M., Holston Ordnance Works, Kin: 
Poe ae ™., Tenn. Valley Authority, 


Freeland w. T., Freeland & Olschner Prod., Inc., New 
Orleans, La. 

Griffith, Jo General Electric Supply Corp., Shreve- 
or’ 

Hofman, G. H., _ Allis-Chalmers Mfg. Co., Knoxville, 


Ten 
Kirby, Ta w., U. S. En . Office, Norfolk, Va. 
Moore, L. F, Knoxville Elec. Pr. & Water Board, 
Knoxville, Tenn. 


rt, Tenn. 
attanooga, 


5. Great LaKEs 


O. Smith: Corp., Milwaukee, Wis. 
saree pied Allis-Chalmers Mfg. Co., Milwaukee. 


Crouch,' A. W., Allison Div., General Motors Corp., 
"Indiana ee Ind. 


Derepnek Allis-Chalmers Mfg. Co., Milwaukee, 
‘ Dowling , J. J+, Gen. Elec, X-Ray Corp., Chicago, Tl. 
Hoot, AR , Howell Electric Motors Co., Howell, 
Mich. 


Larsen, O. F., Harnischfeger Corp., Milwaukee, Wis. 
Lowman, C. ve Commonwealth Edison Co., Chicago, 


etetod & R., Allis-Chalmers Mfg. Co., Milwaukee, 
MeAleen G. H., Commonwealth Edison Co., Chicago, 
reer, C. O., South Bend Elec. Go., Inc., South Bend, 
Pelishek, R. A., Allis-Chalmers Mfg. Co., West Allis, 
Powers, I., Wisconsin Electric Power Co., Milwaukee, 
Ray, te L., General Electric Co., Fort Wayne, Ind. 


Rockafellow, Ss. Cc. A-C Spark Plug Div., General 
Motors Corp., Flint, Mic 
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Wallace, R, S. (Reelection), Central Illinois Light Co., 
Peoria, Ill. 

Sarec, M. ie Oliver Farm Equip: Co., South Bend, Ind. 

Schindler, om Kyle Corp., South Milwaukee, Wis. 

Seymour, C. E., Hercules Powder Co., Baraboo, Wis. 

Stukey, D. G. (Reelection), Public Serv. Co. of Northern 
Ill., Evanston, Ill. 

VanR yan, A. (Reelection), Kyle Corp., So. Puilpeukess 


Velde, R. L., Illinois Inst. of Tech., Chicago, Ill. 
Wurgler, J., ‘Allis-Chalmers Mfg. Co. » Milwaukee, Wis. 


7. .Sourn WeEsr 


Anthony, W. F., S. W. Bell Tel. Co., St. Louis, Mo. 

Benson, C. V., Pub. Service Co. of Okla., Tulsa, Okla. 

Campbell, M. P., North American Aviation, Kansas 
City, Kans. 

Ely, W. F., Univ. of New Mexico, Albuquerque, N. Mex. 

Leary,.H. P., Rural Elec. Adm., St. Louis, Mo 

Res W. P., Beech Aircraft Corp. ., Wichita, Kans. 
as Bs S. W. Bell Tel. Co., St. Louis, Mo. 


Mil s, , Pub. Service Co. Okla., Tulsa, Okla. 
State on El Paso Electric Co., El Paso, Texas. 
Wiley, J. ai "Univ. of Oklahoma, Norman, Okla. 


Woodson, R. K. (Reelection), Kansas City Pr. & Lt. Co., 


Kansas City, Mo. 


_ 8 PaAciric 


dey A. F., Western Union Tel. Co., 
* Eggers, FE. A., Gen. Elec. Co., Los Angeles, Calif. 


laa ey M. _F., Douglas ‘Aircraft Co., El Segundo, 
ali 
Miller, D. L., oagiar Aircraft Co., Santa Monica, 


~_ Calif. 
Rife, J. E., Birean of Power & Light, City of Los 
‘Angeles, Calif. 
Smithen, W. E. ig ee General Engg. & Dry Dock Co., 
Alameda, CG 


9. NortH Wesr 


Beadle, T. W., Lieut., U. S. Army, Seattle, Wash. 
Bolluyt, M. A, Licut., U. S. Army, Seattle, Wash. 
~Cultum, G. L., ” Austin Co., Seattle, Wash. 

Gregg, T. S., Bonneville Power Admn., Portland, Oreg. 
“Hanson, Ip , Boeing Aircraft Co., Seattle, Wash. 


Scoville, Cc. I. wees euteas Portland Gen. Elec. €a:;? 


Portland, Oreg. 
Templeton, L. FE. ; Boeing Aiveraft Co., Seattle, Wash. 
10. Canapa Pn: 


Ba G. A., Norton Co., Niagara Falls, Ont, Can. 
Lees, D., Canadian Westinghouse Co., Ltd., Toronto, 


Ont, Can 
Robertson, stat Cc, Int'l Nickel Co., , Ltd., Copper Cliff, 
- Ont., Gan. 
7 
nistpilcks ’ 


Adams, A. J. (Reelection), U. S. Govt., Seward, Alaska. 
Aguirre: Torres, J., General Electric,.S. A., 


. F,, Mex. 
| Campos Brain, N, Tnt’] Automatic Elec. Corp. 3 Mexico. x it 
oak 
” Ceballos, i dD, Cia. de Luz y Fuerza de Tehuacan,” 


Tehuacan, Pue. .» Mex. 
Cerda, J. M., Consulting Engineer, Mexico, D. F., Mex. 
Gi 


ordero Gutierrez, am Westinghouse Elec. Intl Co., he 
.D. 0. E. & M. (A), Khataliie! Jub- 


Mexico, D. F., 
Dogra, H. C., S 
eae Rs Cc. P, India. 
Doughman, G. B., General Electric, S 
ex. 
Frias, Guzman, 3 IEA Genetro) Electrico, SRL, Puebla, Phe. 


. Garate Valdes, V., Santa ig de la Paz y Anexas,, a 


S. A., Matehuala, S. L. P., Mex. 
Garcia Acosta, nis Industrial Electrica de SoCOsae a 
S. A., Tapachula, Chis., Mex. 
Gonzalez ” Campos, E., Electrical Engineer, Torreon, 
Co: ex. 
Guzman, V., National Economy Secrty, Mexico, 
ex. 


Hanff Castellanos, L., New Tequixquiac Tunnel, — 


Mexico, D. F., Mex 

Horrocks, P., British Pont Office Engg. Dept., Bolton, 
England 

sian Garza, G., Railway Div., Mexican Govern- 
ment, Mexico, D. F., Mex. 

Nieto, P. E., Comision Federal de Electricdad, Mexico, 


D. , Mex 

Padilla de la Pena: fs _ Construccion y Maquinaria, 
Mexico, D. F., 

Padilla Soto, F., vitvies ‘de Ceremica Ind., “El Aguila,” 
Mexico, 1 , Mex. 


Portugal Perez, rls Maquinaria y Materiales Electricos, — 


D. F., Mex. 
ociedad Electro-Mecanica S. de R. pe 


Mexico City, 
Rangel L., R., 
Mexico, D. F., Mex. 
Rosales de la Mora, ace ee Nacional de Polvora, 
Sante Fe, D. He 
Souza Quevedo, V. 
ee D. iy 
Taylor, W. General. Electrica, S. A., Mexico, D. Ey 
Mex. 


Torres ‘Aranda, F. (Reelection), GormifiniiesHiens & 
Pub. Utilities Dept., Mexico, D. F., Mex. 

Ulloa Arriola, C., unicipal Water Service, Mexico, 
D. F., Mex. 

Villareal, E. M., Brown Boveri & Co., Mexico, D. F.,- 


| Mex. 
Zironi, E, W., EJE-Ingenieros, F. N. I., Mexico, D. F. 
Mex. - 


election), Electrical Gomera 


_ Total to grade of Associate 


United States and Canada, 134 
Elsewhere, 2 
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| ASCE Adopts Procedure | dpe t 


for Collective Bargaining 


Of Bcuneane: to engineering employees 
_ in all fields of the profession was the action 
_ taken by the board of direction of the 


recent meeting in Atlanta, Ga., when it ap- 
proved and adopted a procedure for estab- 


lishing collective-bargaining agencies for 


_ “professional engineering employees.” 

: Upon the basis that the principle of col- 
lective bargaining has gained widespread ac- 

a ceptance in the past decade, and that its 
_ continued application is as inevitable as it is 

i restrictive of the prerogatives of professional 


_ bers bargaining representation in groups of 


a professional engineers have failed to act to- 
gether, nonprofessionals have assumed the 
5 right to bargain for them and have been given 

that right by the War Labor Board. Forma- 
a tion. of a group which will be recognized 
oy legally as’ the collective bargaining agent ex- 
pa clusively for professional engineers was the 
a. only alternative to bowing before the author- 
sat ‘ity vested in other unions of a subprofessional 
a (OF. nonprofessional level. 

Long under consideration, the board’s ac- 
je oes was precipitated by the recent refusal of 
_a War Labor Board panel at Kansas City, 


“neers as a separate | bargaining unit at the 
rs, ‘Sunflower Ordnance Plant. The reason 
v2 given for the refusal was that the Interna- 
Pei ‘tional Federation of Technical Engineers, 


. 


technical men on the job. Inference from 
the panel’s findings being that the engineering 
group would have been entitled to separate 
, recognition. had it acted when the matter of 


‘ the: ASCE has prepared the foundation for 


a representation first was under consideration, | 


a ‘organization against the time when con- 


_ eerted action shall be needed. 

at As recommended by the board of direction, 
_ | the local sections of the ASCE will amend 
their constitutions so as to provide for engi- 


_/ neering employees within their respective _ 


areas to form such employee bargaining 


American Society of Civil Engineers at its 


_ status, the board acted to assure ASCE mem- | 


their own choosing. In past instances when ~ 


_ Mo., to recognize a group of about 100\engi-— 


_ standardized ; ; 
set forth, but having been graduated from an approved 


be Architects, and Draftsmen’s Unions had been. 
_ recognized for almost a year as spokesmen for 


| 
groups. The Society will act as a pooral 
co-ordinating agency, and to this end will 


subscribe $50,000 annually for the mainte-’ 


nance of four field representatives, to be 


operative i in each of the Society’s zones, who 


will organize, advise, and assist the local 
groups. Moreover, in many cases, they may 
find it practicable to conciliate differences 
without the aid of the proposed bargaining 


_ groups. =! 


At the start thé local collective bargaining 
agency will be a subsidiary of the local ASCE 


section, but provision is made for nonmem- 
-bers of the ASCE who are otherwise eligible 
_ to become affiliated. 


clude from membership in the bargaining 
groups subprofessional men engaged in 
engineering work, and also, qualified pro- 
fessional engineers whose present positions 
place them in the employer rather than the 
employee category. To this end, the board 
of direction has formulated ‘the following 


definition: 


The aesdenues n “professional engineering employees” 


. shall be that of only those who. . . possessing an inti- 
mate knowledge of mathematics and the physical sciences 
gained by technological and scientifie education, train- 
ing, and experience, and in a position of trust and re- 
sponsibility, apply their knowledge in controlling and 
converting forces and materials to use in structures, 
machines, and products, and whose .work requires the 
exercise ofdiscretion and judgment, is creative and origi- 
nal and of such character that the output cannot be 
and those who, without the experience 


educational institution and having received the degree 


_of bachelor of science or its equivalent, in engineering, 


are engaged in engineering work. 


Dues have been tentatively set at $1 per 


_ year for members of the ASCE and “‘prefer- 


ably not to exceed $5 per year” for non- 
ASCE members. The bargaining committee 
will have the duty and power to direct all 


activities looking toward the acquisition of | 


adequate compensation and _ satisfactory 
working conditions for all professional engi- 
neering employees resident within the geo- 


graphical limits of the local section in accord- 


ance with the cane direction of its mem- 
bers. 


be WPB Opens Campaign to Augment 


"With the waning of the first eaepenantn for 
salvage pervading the public in the days 


immediately following Pearl Harbor; the 


_ decline in man power available for curing 
wood pulp; and the sharp increase in 
military demand for paper by our widespread 
_ forces, the problem of paper supply has 
'. entered its crucial stage. 


_ Dwindling Paper Supply 


According to War » 


‘ . 

Production Board estimates, the success or 
failure, during the first six months of 1944 
of its program of conservation by curtailment 
of the necessary uses of paper, and of salvage 
and re-use of waste paper should answer any 


questions about the severity of future curtail- 


ments. 


An indication of the manner in which ° 
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- suffering from lack of man p 


military Berend ive eater 
paper supply already below nor. 
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is found in the fact that for only th 
of the present war ten times the su PP 
equipment used in 1917-18 were 
abroad. hee for aes sone i 


bombs and fier paint car 
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ments can be secured by reprocess 
paper. Ifthe waste paper is not fort 
military demands will hold prior 
pulp ordinarily used for prin 
with 43 tons of supplies per 
in the i war, 81 tons of spp 


World War IL. 
performs the multiple duties | 


of man power i in the wood~ ul 
ing opportunity for la 


ment is giving aide Pp bli 


een he ‘mills. Stk Me in 
waste paper were forced to curtai : 


SONS reeeicsionst and my resu 
sive supply broke the ce 
pence Linder (se rosie 


essed Pe Februar 15. | These i inc ust 


= 


tions ‘to offer a be cleas h 
inventories in the period of 12 


Although the effect must be = 
less immediate, than that of 
since the war is largely respon: 


to stimulate production of pul: 
Canadian paper industry whic 
nearly three fourths of our newsy 


timber. In addition to this han 
Canada also has diverted electr 
normally used in pulp and paper 
other war factories, and in ee 


the successful ferdiiaalions x the 
Europe. With no chance of increasin: 
ports from these chief neds . the 


‘ 


asures have been taken by WPB. It has 
msored Congressional appropriation of 
000,000 and an equal expenditure by the 
lited States Forest Service for the purpose 
increasing production; backed efforts to 
ike available prisoners of war to supple- 
mnt the short labor supply; and instigated 
ampaign to encourage production of pulp- 
od by farmers and small holders of timber. 
In the conservation program launched 
aultaneously with its salvage efforts, the 
vernment recognizes two distinctly dif- 
ent contributions which the general civilian 
pulation and industry as such have to offer. 
1¢ public as the prime user is in a position 
effect the greatest saving of wrapping- 
per tonnage. This can be accomplished if 
S actively aware of the need for eliminating 
unnecessary wrapping and is willing to 
cept unwrapped parcels and to use its 
m shopping containers whenever possible 
i daily purchasing. Retailers naturally 

= loath to’ insist on this saving against 
fomer opposition, A reduction of 25 
r cent in the use of wrapping paper and 
gs by the public will mean an annual 
ving of over 250,000 tons of paper. As 
> main consumer of paperboard packaging 
d container material, industry has been 
juested to make its packaging wholly 
actional. Besides the over-all Government 
ograms, many trade and industrial associa- 
ms are conducting individual campaigns, 
d it is anticipated that a conservation of 
ore than 750,000 tons of paper will result 
mm these combined efforts. If the wood- 
Ip and waste-paper supply for the first 
arter of 1944 is insufficient to support the 
oduction of enough paper and paperboard 
‘meet all demands, the demand will be 
ought into balance with supply through 
litation orders restricting consumption of 
per and Pees Des by the less-essential 
ers: 


) ae 
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060-Mile Alaska Communication 
Line Now in Operation ° 


A 2,060-mile communications line, linking 
e United States and Alaska by telegraph 
d telephone service along the entire 
igth of the Alaska Military Highway, said 
be the second longest carrier-communica- 
ms system in the world, was completed i in 
»vember 1943 and is now in operation. 
The system, as well as the highway, was 
‘lt i in little more than a year by the United 
ates Army Signal Corps, with the assistance 
Bell System engineers, installers, and con- 
uction crews. 

The first link from Edmonton, Alberta, to 
awson Creek, B, C., a distance of 442 lines, 
is started in November 1942. Five wjre 
¢ groups from the American Telephone 
d Telegraph Company, Bell Telephone 
ympany of Canada, and three other Bell 
stem companies, together with a Signal 
ps construction batallion of 140 men, 
king in temperatures ranging from 30 
72 below zero, completed this section of 
> line and established communications by 
scember 1, 1942. 

The second link from Dawson Creek to 
hitehorse in the Yukon Territory, covering 
ie 


NUARY 1944 ; 


ml 
a ® 


‘ structors, 


‘war equipment. 


a distance of 900 miles, was Speed May 24, 
1943. The third and final link, running 
some 650 miles from Whitehorse to Fair- 
banks, Alaska, was completed in November 
of 1943. 

The complete 2,060-mile line carries two 
circuits which are expanded by C-type carrier 
systems so as to provide 7 talking channels 
and 14 teletypewriter circuits. Critical 
shortages of strategic metals made necessary 
the use of wire of only 30 per cent copper, 
which, however, was considered desirable 
because of the greater strength of the Copper- 
weld wire. But to bring up the transmission 
conductivity it was necessary to use repeater 
stations every 95 miles instead of at the 
usual 200-mile interval. 

The Alberta government telephone ad- 
ministration had previously attempted a radio 
link with the Yukon Territory, but ““magnetic 
black-outs” made the attempt a failure. 
Atmospheric disturbances such as 
Northern Lights interrupted radio transmis- 
sion and reception during the winter days 
in the Arctic regions. 


Latest Opportunities for 
Navy Commissions Listed 


According to the latest Navy procurement 
bulletin, the opportunities for commissions 
and warrants, published in the, December 
1943 issue of Electrical Engineering, page 558, 


are still open to those qualified. The posi- | 
_ tions for which the number of candidates is 


still insufficient are: production expeditors, 
production analysts, inspectors of machinery, 
ship-repair engineers, naval academy in- 
antisubmarine engineers, and 
safety engineers. The requirements for an 
additional position for which some of our 
readers may be qualified follow: . 


S.P. 144-43 Fob Analysis and Evaluation. Age 25 to 50. 
To be assigned to duty for the purpose of analyzing and 
evaluating civilian jobs and advising as to recruiting, 
placement, and classification of civilian personnel. 
Candidates must hold a degree from an accredited 


college and have had at least two years of recent inten- ‘ 


sive and progressively responsible experience in job 
analysis and evaluation work, or have had responsible 
administrative experience coupled with a thorough 
knowledge of job classification principles, regulations, 


methods, and problems. Preference will be given to 


those with a major in business administration or a 
background of engineering or accounting coupled with 
the foregoing experience. In the absence of a college 
degree, candidates must have had at least two years 
of college work and at least four years of the experience 
just described. 

¥ 


New Motor Designed to Increase 
Aircraft-Engine Production 


An electric motor that revolves 1,000 times 
per second, said to be 20,000 rpm faster 
than any electric motor now being built for 
industrial use, has been developed by Robert 
M. Baker (M’40) Westinghouse Research 
Laboratories, to drive grinding wheels 


that put a mirror finish on hard-to-reach. 


parts of airplane and tank engines and other 
At present such grinders 
are powered by larger slower motors through 
belts and pulleys. The new motor will 
drive a grinder directly, eliminating pro- 
duction delays caused by breaking belts and 
increasing accuracy, often impaired by the 
sideward tug of the belt. 

To meet the millionths-of-an-inch toler- 
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the | 


panies. 


ance required in finishing aircraft-engine 


parts, the grinding wheel must cut effortlessly 
and smoothly, something that cannot be ac- 
complished at low speeds. Many of these 
grinding wheels are less than an eighth of an 
inch in diameter, but they must attain high 
speeds at their grinding edge. Experience 
has shown that the best grinding speed is 
about a mile a minute on the face of the 
wheel. 


Navy’s Lamps Tested 
By Simulated Battle Blasts 


No longer is it Navy shipboard routine to 
remove lamps from their sockets to stow them 
in safety before gunnery starts. ~The modern 
“rough service” lamps now in use on United 
States fighting craft are designed to with- 
stand the concussion of heavy guns and per- 
mit interior quarters to remain lighted during - 
an engagement. 

The exceptional durability needed is as- 
sured in the plants of the Sylvania Electric 
Products, Salem, Mass., by testing the lamps - 
on a “‘torture wheel” which reproduces the 
amount of shock to be sustained in service 
with the fighting fleet. Developed in line 
with the findings of the National Bureau of 
Standards, this wheel, about the size of an 
automobile wheel, is made of heavy steel 
with a ring of two dozen sockets in its outer 
rim. As it revolves, it drops spasmodically 


‘against a foil with a jar approximating a 


battleship’s salvo. The lighted “rough 
service” lamps are maltreated in this fashion 
for from 3,800 to 7,600 poundings, depending 
on the wattage of the lamps. 

Similar lamps are in demand for use on 
railroads, subways, and other places where 


heavy vibration and sharp shocks occur. 


Sound-Powered Telephone Used 
for Combat Communications 
A sound-powered telephone, operated 


without batteries and capable of carrying 
ten miles under favorable conditions, was 


used with great success on Guadalcanal, ac- 


cording to the War Department. Power in 
the telephone is generated by the human 
voice, and signaling is accomplished merely 
by whistling into the transmitter. 

The equipment used on Guadalcanal was 
adapted to war communications by the 
Signal Corps from the commercially de- 
veloped voice-powered telephone, and was 
installed on the island for fire control of 
infantry mortars and within infantry com- 
It is smaller and more compact 
than battery-powered telephones and avoids 


_ the main disadvantage of these sets—deterio- 


ration of the batteries from the humidity 
and dampness of the South Pacific. Even 
under adverse conditions the set will carry 
messages five miles. 


Periodicals Wanted for Foreign Libraries. 


A committee of the American Library Asso- 
ciation is collecting scientific and technical 
journals for eventual shipment to foreign 
libraries and institutions unable to get them 
now because of the war. The committee is 
eager to acquire Electrical Engineering, and, 
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ree 


since the Institute has no stock of several — 
issues published during the past year, only 


through your gifts can copies be obtained. 
The committee will provide storage space if 
necessary. If you wish to help by donating 
your periodicals, please write to Dorothy J. 


Comins, executive assistant, Committee on ~ 


Aid to Libraries in War Areas, Library of 
Congress Annex, Study 251, Washington 25, 
D. C. 
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JOINT ACTIVITIES 


ASA to Join Allied Nations Group 
Announced at Silver Anniversary 


Participation by the American Standards 
Association in an Allied Nations Standards 
Body was authorized by the ASA board of 
directors at its silver-anniversary meeting in 
New York, N. Y., held in December 1943. 
The organization ior such a body to secure 


_ maximum possible co-ordination of stand- 


ards necessary for the war effort and the 


immediate postwar period has been dis- 
_ cussed informally for some time between the 


British Standards Institution, the Canadian 
Engineering Standards Association, the 
ASA, and key governmental agencies in the 
three countries. It is planned that a skeleton 
staff will be provided for the new organiza- 
tion with offices in London and either New 
York or Washington, D. C. 

Officers for 1944, announced at the meet- 


et ‘ing, are: 


_ organization to the meeting; 


Henry B. Bryans, executive vice-president, Philadelphia 
Electric Company, President elect. 


George S. Case, chairman of board, Lageheod and Ses- 
sions Company, re-elected vice-president. 


_ HS. Osborne, chief engineer, American Telephone and 


Telegraph Company, re-elected chairman, Standards 
council, which is in charge of all ASA technical work. 


E. C. Crittenden, assistant director, National Bureau of 


_ Standards, re-elected, vice-chairman, Standards council. 


Speakers at the meeting included Percy 
Good, director of the British Standards 
Institution, who brought the greetings of his 
Clifton E. 
Mack, director of procurement, 
States Treasury Department, in charge of 
Government lend-lease purchasing; R. E. 
Zimmerman, vice-president of United States 
Steel Corporation and retiring president of 


_ ASA, who spoke on ‘postwar changes and 


developments in the use of Standards in the 
United States and in international trade; 
and H. S. Osborne (F 21) chief engineer, 
operation and engineering department, 


_ American Telephone and Telegraph Com- 


pany, New York, N. Y., and chairman of 
the Standards council. 

During the past year ASA has approved 
119 Standards, and more new Standards 


have been issued during this year (93) than 


any other year. Seventy-five per cent of the 
Standards approved are classified as of 
direct value to the war effort: 25 per cent 
War Standards developed under the war 
emergency procedure, and 50 per cent 
permanent Standards. The remaining 25 
per cent issued during the year are Standards 
approved in preparation for postwar activi- 


ties. 


During the year seven Standards ate 


been approved and put to use covering vari- 
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ous ; types of insole jasulating material, 
Fourteen additional Standards : 


and resistors. 
on this subject are under way. 

One Standard, a specification for applying. 
shock tests to electrical instruments, provides 
standard methods for testing electrical indi- 


cating instruments under conditions intended _ 
Such | 


to simulate combat field conditions. 
tests are needed’ by the armed services for 
delicate electrical indicating instruments 


used in tanks and planes to insure that they — 


will remain.in service and give accurate re- 
sults under the very severe conditions of 
combat. 


A large amount of work was qeported to} 


have been done during the year by the com- 
mittee on photographic Standards. This has 
included the adoption of a ‘whole range of 
standard sizes for roll film and spools to 
produce the interchangeability required by 
the Armed Forces. 
Standards of rating of photographic speed 
and speed number for use in connection with 


the emergency photographic exposure guide _ 


developed last year at the request of the 
armed forces. Recently the War Production 


‘Board asked that specifications be developed — 


for the various types of photographic and 
cinematographic equipment to be used by 
the Armed Forces. A war committee is 
already at work on this project. 


The war has in many ways given a great — 


impetus to the standardization movement by 
increasing the appreciation of the importance 
of standards, it was reported. A few months 
ago when the scarcity of critical materials 
was at its height the War Production Board 
issued a statement crediting the establishment 
of Standards with having saved 60,000 tons 
\of steel and 17,000 tons of copper. - 
is using the American Standards for radio, 
and Canada has adopted eight of them. 
Australia, Canada, and Great Britain have 
adopted the American War Standards for 
Quality Control. 


United Engineering Trustees, Inc., 
Elects Officers; Issues Report 


At the annual meeting of the United 
Engineering Trustees, Inc., held October 28, 
1943, the following officers for the year 
1943-44 were elected: president, F. Malcolm 
Farmer (F713); first vice-president, Arthur S, 
Tuttle; second vice-president, 
Stephens (M ’22); treasurer, Arthur S. Tuttle 
(re-elected); assistant treasurer, W. D. B. 


Motter, Jr. (re-elected); and secretary and 


general manager, John H. R. Arms (re-elected). 
Members of the board of trustees of UET 
for 1943-44 are: 


Terms expiring October 1944 


Charles E. Trout, ASCE 

W. D. B. Motter, Jr., AIME 

Kenneth H. Condit, ASME ; 
Everett S. Lee, AIEE 


Terms expiring October 1945 


-A. L. Queneau, AIME 


F. Malcolm Farmer, ATEE 


Terms expiring October 1946 


J. P. H. Perry, ASCE 
Henry A. Lardner, ASME 


Terms expiring October 1947 


Arthur S. Tuttle, ASCE 
Albert Roberts, AIME 
George L. Knight, ASME 
Charles E. Stephens, AIEE 
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| secretary of the Foundation are: J. P. 
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Kinzel, AIME, 1947 
j. Buckley, AIEE, 1946 


Members of the research procedure com- 
a are: 


H. Condit, chairman, ASME 
ra T. Ryder, ASCE 
3. Wessman, ASCE 
M. Peirce, AIME 
Trinks, ASME 
A. ecwis, AIEE 
a 


Shairman Queneau was appointed to rep- 
snt the Foundation on the executive board 
he National Research Council. 


‘ 


American-Built Generators Travel to Iceland 


Final adjustments are being made here on the first of two 38-ton generators under _ 

construction at the Westinghouse Electric and Manufacturing Company, East Pitts- 

burgh, Pa., which are destined for Iceland. This horizontal-type generator, which will 

supply Rewer to cities as well as United States Army encampments, will add BEBO a 
3,000,000 watts to the island’s electric output 


The personnel of other committees as ap- 
pointed or reappointed at this meeting is as 
follows: 


Iron Alloys Committee 


George B. Waterhouse, chairman and director; professor of 
metallurgy, Massachusetts Institute of Technology, 
Cambridge, Mass., AIME. I 


Lyman J. Briggs, director, National Bureau of Standards, 
represented by J. G. Thompson, senior metallurgist, 
National Bureau of Standards, Washington, D. C. 


R, R. Sayers, director, United States Bureau of Mines, 
represented by R. S. Dean, assistant director, United 
States Bureau of Mines, Washington, D. C. 


James T. Mackenzie, chief metallurgist, American Cast 


Iron Pipe Company, Birmingham, Ala., representing 
American Iron and Steel Institute. 


' John Johnston, director of research, United States Steel 


Corporation, Kearny, N. J., representing American 


' - Tron and Steel Institute. 


James H. Critchett, vice-president, Union Carbide and 
Carbon Research Laboratories, Inc., New York, N. Y., 
representing American Electrochemical Society. 


Bradley Stoughton, professor emeritus, Lehigh Univer- 
sity, Bethlehem, Pa., representing American Society for 
Metals. 


Jerome Strauss, vice-president, Vanadium Corporation 
of America, New York, N. Y., representing American 
Society for Testing Materials. 


T. H. Wickenden, assistant manager, development and 


research, the International Nickel Company, Inc., New” 


York, N. Y., representing Society of Automotive Engi- 
neers. 


Wilfred Sykes, president, Inland Steel Company, 
Chicago, Il]., member-at-large. 


Frank T. Sisco, consultant, assistant secretary, AIME, New 
York, N. Y. 
Welding Research Council 


GC. A. Adams, chairman, E. G. Budd Manufacturing Com- 
pany, Philadelphia, Pa. \ 


A, S. Albright, acting chief of research, Detroit Edison 
Company, Detroit, Mich. 


David Arnott, vice-president, American Bureau of Ship-— 


ping, New York, N. Y. 


H. CG. Boardman, vice-chairman, director of research, 
Chicago Bridge and Iron Company, Chicago, Ill. 


Everett Chapman, P. O. Box 387—Coatesville, Pa. 
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Ghd Railroad a Hinniiphame aa < 


J. H. Critchett, vice-president, Union Carbide and : ; 
GavbousReseareh Laboratories, New York, N. Y. oy 


J. J. Crowe, assistant to vice-president and doarutinen & 
manager, Air Reduction Sales Company, New York, 
N.Y. ~ 


C. L. Eksergian, chief engineer, Budd Wheel Company, 
Detroit, Mich. 


A. J. Ely, mechanical engineer, Standard Oil Develop- 
ment, Elizabeth, N. J. 


F. H. Frankland, director of engineering, American 
Institute of Steel Construction, New York, N. Y. iy 


Tes: Fuller, works laboratory, General Electric Com-. oe: 
pany, Schenectady, N. Y. ptt tO % ’ 
4 g. 


Isaac Harter, vice-president, Babcock and Wilcox Com- 
pany, Barberton, Ohio. ’ 


D. S. Jacobus, advisory clio, 93 Harrison Avenue, 
Montclair, N. J. 


5 Pe 

G. F, Jenks, 232 Avondale Avenue, Los pnseleas alte. ae 
4 

Re 

a 


Carl M. Loeb, Jr., vice-president, Climax Molybdenum vi 
Company, New York, N. Y. i 


‘Arthur E, Pew, vice-president, Sun Oil Company, 


Philadelphia, Pa. , |. oa 
A. C. Weigel, vice-president, Coasieshitn Ensinceslifg as Ps. 
Company, New York, N. Y. ayy: 
Clyde Williams, national defense research committee, re 
Battelle Memorial Institute, Columbus, Ohio. ‘ " 
: ‘oe 
A. R. Wilson, engineer of bridges, Pennsylvania Rail- * 
road, Philadelphia, Pa. er 
R, E, Zimmerman, vice-president, United States Steel / 4 
Corporation of Delaware, Pittsburgh, Pa. ’ 
W. Spraragen, executive secretary, Welding Research = = 


Council, 29 West 39th Street, New York, N. Y. 


ANNUAL REPORT ‘7 


The salient points of the annual report of = 
the Engineering Foundation, as submitted 
by. chairman A. L. Queneau to the AIEE 
and other Founder Societies at the meeting 
on October 21, 1943, follows. 

The Engineering Foundation, which was 
established in 1914, completed its 29th fiscal — 
year on September 30, 1943. The book value 
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of the capital funds of the Foundation on 
that date was $959,000, as compared with 
$952,000 on September 30, 1942. The in- 


come for the fiscal year 1942-43 was - 
$35,160.38, as compared with $34,274.09 


for the previous year. Disbursements 

amounted to $31,790.20, as compared with 

$31,430.36 for the year 1941-42. The 

balance on September 30, 1943, was 

$28,292.87, as compared with $24,922.69 on 
~ September 30, 1942. | 


It has been the policy of the Foundation 


for many years to contribute/ to a consider- 
able number of projects in the diverse 
fields of engineering. In general, attempt 
is made to select projects of a fundamental 
type which normally would not be under- 
taken by industrial research organizations. 
Tn certain other cases the Foundation serves 
- as a catalyzing agent, so to speak, for proj- 
- ects which are largely supported by contri- 
butions from industry. This policy of the 
Foundation has been continued for the year 
1942-43, but the projects have been scru- 
tinized with regard to their bearing on the 


war, and have been encouraged only insofar 


as they appeared to contribute to the war 
effort, 


Because of the Government’s willingness — 


to support research projects demonstrated 
as important to the war effort, and because 


of the withdrawal of research personnel to 


more direct war activities, the immediate 
demands upon the Foundation’s income for 
the support of research projects helpful to 
the national cause seem likely to decrease. 
However, in the years following the war, it is 
certain that engineering research in many 
fields should be encouraged and expanded. 
_ Consequently, in those years the Foundation 
could doubtless employ a much larger income 
than almost surely will be available from its 
present capital funds. 

During the year, work on 14 projects has 
continued. For the ensuing year, grants 
were recommended for continuation of work 
on six projects and the initiation of one new 
project. 

Summaries of the research projects which 
were sponsored by the Foundation and with 
‘which AIEE has been one directly 
follow: 


Insulation Oils aa Cable Saturants. 

(Foundation grant, $1,000. Chairman, 
Herman Halperin, assistant equipment and 
research engineer, Commonwealth Edison 
Company, Chicago, II.) 

This project, which has been supported in 
part by the Foundation for a number o 
years, concerns the stability of insulating oils 
in power cables and other electrical appa- 
ratus. An important feature of the work 
during the fiscal year 1942-43 were the studies 


on factors influencing the electrical stability. 


of mineral oils under limited-oxidation condi- 
tions. _These limited oxidation conditions 
are particularly important in the practical 
application of oilpaper insulation. Whereas 
a complete solution of the problem has not 
been attained, several factors influencing this 
stability have been determined, and complete 
systems of test and equipment have been 
developed. 

_ The effect of oxidation inhibitors and other 
additives on the electrical stability of mineral 


oils under limited oxidation has been studied, ~ 


also, as has the effect of percentage of aro- 
matics. This latter has been studied by 
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' grees of aromaticity. 


blending cuts of an oil paving dierent: de- 
The effect of variable 
temperature has been observed in limited- 
oxidation studies. Tests have been made 
over a temperature range from 85 to 145 
degrees centigrade. These tests were made 
with both oil and oilpaper in contact with 
copper. Furthermore, these variable-tem- 
perature tests have been made with different 
amounts of available oxygen. 

Studies were made, also, on the effect of 
different degrees of refining on limited oxida- 
tion. Oils for this purpose were supplied by 
the Sun Oil Company, and consisted of 
samples having four different degrees of 
refining treatment, one of the intermediate 
ones being the normal or conventional 
amount. 


panies were subjected to various tests. 
During the past year, two papers were pre- 
pared in connection with this project. The 


first Of these was ‘Mineral Insulating Oils— 


Effect of Additives on Electrical and Chemi- 


cal Stability,’ by A. G. Assaf and J. C. 
Balsbaugh 


(Industrial and _ Engineering 
Chemistry, volume 35, August 1943, pp. 
909-16). ‘Electrical Stability of Electrical 
Insulating Oils Under Limited Oxidation,” 
by J. C. Balsbaugh and A. G. Assaf, was pre- 
sented before the winter technical meeting 
of the AIEE, New York, N. Y., January 1943, 
and became available to the industry the 


first of the present fiscal year. 


The advisory committee for this project 
held two meetings during the past year, on 
September 28, 1942, and on January 25, 
1943. At the second meeting the committee 
members agreed that the research, in spite 
of its value and promises, should not be con- 
tinued beyond August 31, 1943, unless it 
could be shown that the activities had be- 


come directly concerned with the war effort. 
As no such special problems ‘developed, the 
committee recommended suspension of the 


project as of August 31, 1943, with the con- 
sideration that it mie be desirable to 
resume, it after the war. 


Welding Research Council. (Foundation 
grant $4,000. Chairman, Comfort A. Adams, 
E. G. Budd Manufacturing Company, 
Philadelphia, Pa.) 

About January 1, the Welding Research 
Committee was completely reorganized and 
renamed the Welding Research Council. 
This reorganization was undertaken to 
bring about a simplification of structure and 
to enable the Welding Research Council to 
carry on its activities more closely with the 
war effort. Some committees were dis- 
continued for the duration of the war and 
the work formulated under the following 
project committees. Duplication of effort 
and red tape, in the opinion of the Coun- 


cil, have been eliminated almost completely. 


Aircraft welding research committee 
Fatigue-testing (structural) committee 
High-alloy steels 

Light alloys 


_ Literature committee 


Nickel alloys 

Resistance welding 

Structural steel committee 
University research committee 
Weldability 

Weld-stress committee 


Under cognizance of these committees, 
studies and investigations of broad scope 
relating to many phases of welding have been 
continued. Co-operation with the aircraft 


Of Current Interest 


Service-aged and specially proc- 
essed oils supplied by contributing com-— 


-. follows: 


_W. A. Del Mar, AIEE (ee 


_ Terms expiring October 1945 : ae 


. Robert H. Barclay oe 


a i 


industry bee been 
least, through, the 
mittee for Aeronautics. 
projects started under the 
committee have been taken over 
expanded by the N: ational Defense 
Committee. _ 
As to publications, during the ye 6 
(9 by 12) printed pages were pu lc 
ing approximately 79 reports on almo 
phase of welding. — 4 


OPERATED jointly by the AIEE ar 
Founder Societies, the Engineer: 
brary, 29 West 39th Street, N 
offers a wide variety of services to memb: ; 
the world. Information about these serv: 

Re obtained on inquiry to the darescn 


Board and Officers of Li rary 
Elected; Annual Report Issu 


At. the recent annual me 
Engineering Societies Library boar 
Del Mar (F ’20) was eee 
for 1943-44 and W. D. B. 
was appointed vice-chairman. Ha 
Craver was reappointed director 
Library and secretary of the board. 

Members of the per, board 


/ 
Terms expiring October 1944 


J. K. Finch, ASCE — 
James W. Laist, AIME 
‘A. R. Mumford, ASME 


‘ a it al 
Edward P. Hamilton; ASCE ~~ a 
W. A. Mudge, AIME ; 
John Blizard, ASME ~~" 
W.I. Slichter, AIEE ~— a 
Gack expiring October 1946 ; 
Charles E. Trout, ASCE — _a an 
Thomas T. Read, AIME | “ 
Terms expiring October 1947 re 
E. F. Church, Jr., ASME 
Sore L. Knight, AIEE a 


Menten at Late na ‘ 


George F. Felker : ; We : 
Sydney H. Ball “a eed b aa 
‘ | 


Members of the executive c 
1943-44 are: 


E. F, Church, Jr. “oag ate 
E. P. Hamilton a \ 


ANN' UAL REPORT 


Societies Lives for ies year 
been submitted by Harrison W. Craver, 
rector, to the AIEE and other. un¢ 
Societies. Essential substance of 
follows. 

The past year in ie library has 
stant sais: to oe up 


pa ane, doce pu 
other matters of military si 
this epee was wante 


, Operation of Library 
™ = = > a. , 3 i a J ¢ 7 ri 


SME IG FEVEDUG a. 2 oii. Ch seintiese uti cute ket Sulateterank eho site. c SeNais etate, wate $49,393.62 

Beerance expenditures. Bec HAE nec SE ACI Ne ie Me ence Adeeigane Ra Be hoe iinetas 42,642.25 

batt balance for ean tBseedgo ac; Jou cats teense sess vie STF OU tn 6,751.37 

Credit balance from IPVENIGUa VE Aleister Mne dahelate Miaws errs Sirs sierra a see eta 11,382.79 

Credit balance Septepther) SO! LOAB NS  -'a..\; baw ares otesete ciated gore re tacos ane Vathnie x aircue re ste as wre $18,134.16 
vice nmeatarevenur in krrinrda: fla Ne. Mure Po tie any lee sets ag 7. $14,415.24 

PARE BTE ALEX PERICLES ler Me nicte wighe’s caidialnysmiahs deed sion ore ola eetne wl eid ees 11,162.64 

BireEt al aucetOU Can 4 2—44 in 4 Fee Previa Me ek oa Maisehe sive wa hale Sen pote Maes 3,252.60 
Meerenibalanee tromspre vious Vearsas <iacls.cccv's oa. cu bh hd coud bie Oe wo snecce eee 4,974.88 © 

BRD aletice Conteh onl IAGe Anat betes fa his «crise cae a ints cea nal solenia ne 8,227.48 
tal net operating credit balance cumulated to September’ GO 194305 2 ccs Qoatcon teeta dare ie on +++ +» $26,361 64 


The year’s experience has proved the 


undness of the book collection. The small 
lection of Japanese books and periodicals 
the library has proved to be the most ex- 
nsive in the country, and the collection of 
erman works has seldom failed to produce 
e book desired. The library has lent a 
umber of these to publishers who were 
ithorized by the Alien Property Custodian 
reproduce them. The large resources of 
e library in older works and in files of 
reign Magazines have proved invaluable 
‘providing material. 
As a result, the collection has been used 
tensively by the Army and the Navy. 
ertain of their researchers arrive as soon as 
e library opens in the morning, and work 
Beno the day. Others come regularly 
= Washington, D. C., and other centers 
“search the files. The. war has created a 
owing appreciation of the value of refer- 
ice libraries as storehouses of knowledge. 
he necessity for building them up in ad- 


ce of need has become apparent as never’ 


fore. 

Service to the Government has not ended 
ith provision of books. One assistant was 
at to the Army Corps of Engineers for 
ven months, during which time she or- 
nized its cataloguing and indexing service 
1 a satisfactory basis. Another was re- 
ased for several days a month to act as 
sultant to the Signal Corps in building 
» a reference library in Washington, D. C. 
1 addition, the staff as a whole constantly 
is been giving freely of its experience and 
1owledge as occasion arose. 


Whereas the library was used by more | 


ople than in the previous year, the increase 
the result of greater use by mail by non- 
sident members rather than by a greater 
umber of visitors to the library itself. The 
umber of visitors was 22,260, as compared 
ith 23,734 in 1941-42, and 13,579 others 


We spade use of it in other ways, as com- ~ 


wed with 10,648 for that year. Total 
umber of users of the library was 35,839 
3 1942-43, and 34,382 for the preceding 
The greatest increase in service was in 
ls for photostats. This year 3,487 orders 
¢ photostats and microfilms were received, 
| increase of 15 per cent. The number of 
ints made was 38,702, an increase of 23 
© cent. 

Telephone inquiries eiabered 6,689, an 
erease of 10 per cent. The number of bor- 
wers was 1,055, an increase of 62 per cent, 
whom 1,393 books were lent. Letters 
sre written to 2,232 members, answering 
estions that did not call for sustained 
a This represented an increase of 
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od > 
i= a 


‘being added to the 


30 per cent over the preceding year. 


were prepared. 


The fact that the 13,579 persons who used . 


the library without visiting it constituted 38 
per cent of the users is gratifying, and shows 
the extent to which the membership at 
large is using the collection. 

On December 26, 1942, W. S. Barstow 
(F 12), for many years a member of this 
board died. Mr. Barstow’s interest in the 


: library was deep and had been manifested 


on many occasions by generous gifts, among 


them being one of several thousand dollars . 


to repair and restore the bindings of the 


rare book collection. He also left a bequest 


of $10,000 to the library. His wise counsel 
and pleasant personality will be sadly 
missed by the board and the director. 

The library suffered another severe loss, 
on September 13, 1943, through the death of 
Harrison A. von Urff. For seven years Mr. 
von Urff had been in charge of bibliographic 


_work. During that time hundreds of mem- 
_ bers had learned to know his great skill in 


locating printed information, and to admire 
his modesty and quiet helpfulness. His 
unusual talent for this work will be hard to 
replace. : 

The tendency toward reduction in book 
output, which was noted in the preceding 
report, has continued. The technical pub- 
lishers have been kept busy by the demands 
of the Army and Navy for enormous num- 
bers of elementary textbooks for training the 
forces. In addition, most engineers who 
would normally be writing are too busy to 
do so. The scarcity of paper and binding 
materials, plus the impossibility of getting 
European books, has resulted in fewer books 
library. | Whereas 
10,286 books and pamphlets were received— 
almost as many as in the preceding year— 
only 2,010 of these were adjudged worthy 
of permanent preservation, as compared with 
5,523 in that year. This reduction reflects 
the effect of the war upon technical publica- 
tion. 

During the year the staff reviewed 420 
books for the periodicals of the Founder 
Societies. 

At the end af the year the library contained 
156,780 volumes, 7,872 maps, and 4,565 
searches, a total of 169,216 items. 

As in former years, the library has been 
the constant recipient of gifts from members 
and friends. To mention all of these in detail 
is impracticable, but a few of unusual extent 
may be noted. 

The estate of John R. Freeman presented 
the major portion of Mr. Freeman’s pro- 
fessional library, consisting of thousands of 
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In 
addition, 86 searches and 30 transla‘ions 


reports and books collected during a long, 
busy life and covering the varied branches of 
civil engineering in which he had been emi- 
nent, Other important gifts included a large 
collection of periodicals from Pope Yeatman, 


another from Mrs. C. Minot Weld, and a ~ 


third from Charles N. Green. George Tap 


Gibson presented a useful collection of _ 


American and German periodicals. Ernest 
P. Goodrich also added materially to our 
resources, as did Spencer, White and Prentis; 
T. G. Townsend; and Joseph Meltzer. The 
McGraw-Hill Book Company, Inc., pre- 
sented many hundreds of books which had 
come to its editorial offices for review pur- 
poses. 

To these and other donors our hearty 
thanks are given. 

The budget established for general opera- 
tion was $50,000, of which the following 
amounts were provided by the Founder 
Societies, on a membership basis: 


- -$10,132,10 


American Institute of Mining and Metal- 
lurgical Enpinéers A035) 2g see 


American Society of Civil Engineers... . 


8,227.10 
9,471.20 
. 10,501.70 


American Society of Mechanical Engineers. . 


American Institute of Electrical Engineers. 


$38,332.10 


. 


Expenditures from this budget amounted — 


to $42,642.25 of which $6,442.75 was spent 
for books, periodicals and other equipment 
of permanent value. Service Bureau re- 
ceipts for special service were $14,415.24 
and its expenses were $11,162.64. 


INDUS TRY~ ecemetan 


Sylvania Increases Electronics 
Output With New Gas Plant 


A new electrolytic plant at Williamsport, | 


Pa., costing in excess of $150,000 and 


equipped with 108 electrolytic cells, high- — 


powered compressor machines, low-pressure 


and high-pressure storage tanks, and a water ~ | 


distillery, which will furnish hydrogen and 
oxygen for tube makers in the Williamsport 
and Towanda, Pa., factories, has just been 
completed by Sylvania Electric Products Inc. 

“Consuming a gallon of water per cell 
per hour, our generator will produce 2,000 
cubic feet of hydrogen and half as much 
oxygen per hour,” said Bruce Goldsmith, 
manager of the plant. The storage tanks 
contain water which is broken down by a 
direct current of 1,200 amperes at 150 
volts. Each cell has two compartments, 
one containing the electrode that liberates 
hydrogen, the other containing the oxygen 
electrode. The gas rises and is carried away 
by. a system of pipes overhead, goes to low- 
pressure tanks, and later is compressed to 
300 to 2,500 pounds pressure. 


Lightning Frequency 
Registered by Plastic Device 


Perfection of a counting evan which will 
point out vulnerable spots requiring pro- 
tective arresters by recording data on the 
frequency of lightning strokes along trans- 
mission systems, has been announced by 
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Doctor Leo Finzi (A 40) research engineer, | 


Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa. 

About the dimensions of a playing card, 
the counter consists of two strips of metal 
foil enclosed between two pieces of trans- 
parent plastic material. One foil strip is 
edged with teeth which are a few thousandths 
of an inch from the straight edge of the second 
strip. When lightning strikes a power line, 
a small part of the current is sidetracked into 

' the saw-toothed strip and must jump to the 
straight-edged strip to reach the ground. 
‘Taking the easiest path—the tooth whose tip 

is nearest the straight-edged strip—the cur- 
_ rent closes this gap and makes a tiny spark 
which scorches a black spot on the plastic 


* and burns away the tip of the tooth, so that © 


the next discharge must follow another 
_ path. Since no two of the gaps between the 
- strips are exactly the same, one path is 
__ always easiest for the current, and the counter 
never misses recording a stroke of lightning. 
As soon as the spark occurs, the voltage in 

the strip drops and another spark will not 
“ occur until lightning strikes again which 
oN. _ obviates the possibility of one lightning 

-stroke’s being recorded more than once. 
_ The device easily can be fastened near the 


i. 
' bottom. of a power-line tower so the blackened 


dots on it can be counted in a few seconds. 
i ‘) \ Wy 
| #3 ; 


“OTHER SOCIETIES « 


a 
* Icr Program Peducotes Isdesnces 
__ in Heating and Cooling 


t 
r4 


_ Organization of the Indoor Climate’ Insti- 

BP ges an industry-wide co-operative educa- 

F ‘tional program for the improvement of heat- 

# ‘ing, cooling, and air conditioning, has been 

announced by Paul B. Zimmerman, presi- 

dent. A board of directors, and advisory 

= council, and executive officers have been 

x elected, and headquarters have been estab- 
se “Gea at Detroit, Mich. 

_ Sponsored by leading manufacturers of 

Deh ecstingy cooling, and equipment industries, 

A hap eage of controls and accessories, and pro- 

_ ducers of major heat conservation materials, 

the Institute will serve as a clearinghouse of 

information. The technical committees of 

the ICI will make a study of the codes, 


Future"Meetings of Other Societies 


_ American Institute of Mining and Metallurgical 
Engineers. Annual mecting, February 20-24, 1944, 
_ New York, N. Y. 


American Society of Civil Engineers. 
1944, New York, N. Y. 


_ American Society of Heating and Ventilating Engi- 
neers. 50th annual meeting, fantaty 31—February 2, 
1944, New York, N. Y. 


American Society of Mechanical Bagiatery. Spring 
meeting, April 3-5, 1944, Birmingham, Ala. Semi- 
annual meeting, June 19-20, 1944, Pittsburgh, Pa. 


January 19-21, 


February 1-11, 1944, Quebec, Que. 


National Electrical Manufacturers’ Association. 
April 23-7, 1944, Chicago, Ill. 
National Fire Protection Association. May 8-11, 


1944, Philadelphia, Pa. 


ETE 
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‘the application of a similar solution. 


Engineering Institute of Canada. Annual meeting, — 


CS 
standards, and practices as satabiished ‘by 
the various industry trade associations and 
authorities for the benefit of the public, and 
will co-operate with manufacturers and 
trade associations in developing potential 
markets. ‘ 


New Association Organized 


by Corrosion Engineers Q 


A new organization to be known as the 
National Association of Corrosion Engineers 
is being formed by the Mid-Continent 
Cathodic Protection Association, and all 
persons engaged in the work of corrosion 
control or mitigation on underground metal- 
lic structures are invited to apply for mem- 
bership. Inquiries shouild be directed to O. 
C. Mudd, acting secretary-treasurer, care of 


INSTITUTE members and pulser eas are invited 
to contribute to these columns expressions of opin- 
ion dealing with published articles, technical 
papers, or other subjects of general professional 
interest. 
letters as ‘possible, Electrical Engineering reserves 
the right to publish them in whole or in part or to 
reject them entirely. Statements in letters are 


Voltage Drop Through > 
the Armature Circuit 
To the Editor: . ; 


A common method of determining the 
internal resistance of a battery is to load the 
battery through two different values of ex- 
ternal resistance. The internal resistance of 


the battery is then calculated from she 


equation: 
_Fi=E) RR: Rh— Reh 
E:R-ER, hhh 


The: determination of the internal resist- 
ance of the armature circuit of a d-c motor 
or generator under operating conditions 
offers an analogous problem and suggests _ 


The 
voltage relations in a motor are career by 


V=E+RI=K6S+RI 
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Figure 1 
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While endeavoring to publish as many 


te) 
NE 


Shell Pipe: 
Houston 1, exs 0 to 


Houston, to which all: members. 
cants for membership are invited. 

The Mid-Continent Cathodic 
Pee res formed i in 1938 for the 


interested in the promotion | of 
_ action between companies or or, 
and the byte se of stand; 


ae understood to be made 
Publication here in no wise | 
ment or recognition by the AIEE, 
mitted for publication should be 
double-spaced, not carbon copies. y 
» tions should be submitted in duplicate, one 
inked drawing without lettering, | the 
Captions should a supplied | for call 
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where tree ve 


V is the applied terminal vol 
Eis the counterelectromotive | 
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If the motor is run with a known resistance 
’2 in series with the armature circuit and at 
he same time the load is adjusted to main- 
ain a constant armature current a second 
peed is observed. 

"hen. 


7=kS+ RI 
nd 
7=kS2+(Ro+R)I 
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Since the solution involves using the differ- 
nce of two speeds, it does not lend itself to a 
igh degree of accuracy. In place of using 
n auxiliary external resistance, equally good 
esults can be obtained simply by applying 
ao0re than one voltage at the terminals of the 
rushes while maintaining the armature 
urrent and field excitation constant. 


Pape is noticed that this relation is a straight 


ne, if the value of R, that is the copper and — 


ontact drop, remains constant with change 
fspeed. If projected to the ordinate of zero 
aeed, it gives the armature-circuit voltage 
rop. : 

_An experimental run, using a five-kilowatt 
enerator gave the results shown in Figures 1 
nd 2. The curves show that within the 
mits of experimental etror the drop through 
4€¢ armature circuit while running is the 
ameé as the drop at standstill provided the 
andstill drop is measured immediately after 
- machine is shut down and while the 
rushes are still hot. 

‘It is conceivable that the contact drop 
ught vary proportional with the speed and 
ius make the above equation a straight line. 
‘o test this, the machine was run as a genera- 
, resulting in another straight line which is 
ibstantially parallel with the motor line, 
dicating that the contact drop is constant. 

A run made with half the brushes removed, 
oubling the current density, brings out the 
‘crease in contact drop with increase in 
rent density. 

For any particular value of field current 
ie slope of the straight line curve gives the 
alue of & in the equation: 
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The plot of the data obtained by runs 
made with a constant field current and three 
values of armature current, 20, 30, and 40 


-amperes, brings out the fact that the field 


flux is dependent upon both the field ampere 


turns and the armature ampere turns, as each" 


value of armature current gives its corre- 
sponding value of k, run as a motor, the 


larger values of armature current give 


smaller values of k, that is, smaller values of 
¢, and greater speed of the motor for any 
given value of counterelectromotive force. 


H. S. RUSH (M’30) 
(Assistant dean, school of engineering and professor of 


electrical engineering, 
College, Fargo) 


NEN BOOKS S46 


The following new acta are among those recently 
received from the publishers. Books designated 
ESL are available at the Engineering Societies 
Library; these and thousands of other technical 


' books may be borrowed from the library by mail 


by AIEE members. The Institute assumes no re- 
‘sponsibility for statements made in the following 
summaries, information for which is taken from the 
All inquiries relating to the 
purchase of any book reviewed in the columns 
should be addressed to the publisher of the book 
in question, 


Descriptive Geometry for Engineers. By 
H. C. Bradley and E. H. Uhler. Second 


edition. International Textbook Company, 
Scranton, Pa., 1943. 266 pages, illustrated, 
9 by 6 inches, cloth, $2.50. 


Problems in Descriptive Geometry for 
' Engineers. 


By E. H. Uhler. International 
‘Textbook Company, Scranton, Pa., 1943, 
no pagination, illustrated, 9 by 12 inches, 
paper, $1.75. (ESL.) . 

Part I of this text deals’ with fundamental 
principles, covering projections, construc- 
tions, surfaces, intersections, methods of 
revolution, and the method of traces. Part 
II describes the application of these principles 
to engineering problems: civil, mechanical, 
chemical, mining, and structural geology. 

The text is supplemented by a separate 
book of plates containing problems to besolved 
by both graphical and mathematical meth- 
ods. Plates are numbered to refer to chapter 
and article of the explanatory text. 


Engineering Encyclopedia. Edited by F. 
D. Jones. 2 volumes. Second edition. 
Industrial Press, New York, N. Y.; Ma- 
chinery Publishing Company, Ltd., Brighton, 


Of Current Interest 


tery trucks, cable and wire, Diesel-electric | 


North Dakota Agricultural ~ 


England, 1943. 1,431 pages, illustrated, 9*/s 
by 6 inches, fabrikoid, $8. (ESL.) 

This two-volume reference work supplies _ 
such practical and useful engineering infor- 
mation as the various important mechanical 
laws, rules, and principles; physical proper- 
ties and compositions of a large variety of 
materials used in engineering practice; the 
characteristic features and functions of dif- 
ferent types of machine tools and other equip- 
ment; and so forth. The 4,500 topics in- 
cluded are alphabetically arranged and cross- 
indexed for convenient reference, and have 
been selected for their usefulness in the — 
mechanical industries. fi 

‘ae 
How to Maintain Electrical Equipment. _ 
General Electric Company, Schenectady, 
N. Y., 1943. 372 pages, illustrations, 81/4 bi ¢ 
101/, ED She S175! “i 

To help industrial plants secure maximum 
performance and length of service from elec- 
trical equipment, the General Electric Com- __ 
pany has prepared this volume of general $95 
suggestions for maintenance engineers. 
Among others, sections are devoted to bat- 


1 
. 
* 
iguanas electric furnaces, fuse cutouts, 3 
industrial contre? lighting, motors and ~ 
generators, rectifiers, switchgear, trans- 
formers, and welders. Each section contains 
a preventive-maintenance chart and a 


trouble-shooting chart. Numerous diagrams e 
and pictures supplement the text. 4 F 
Mathematischen Hilfsmittel des ed Ra’ 
(Mathematical Tools for the Physicist). a 
E. Madelung, K. Boehle, and S. pee ~, 
Third edition; published and distributed in 
the public interest by authority of the Alien e 
Property Custodian under license A-146; 
American edition, Dover Publications, New _ 7 


York, N. Y., 1943. 384 pages, illustrated, a 
91/s by 6 inches; cloth, $3.50. (ESL.) AS . 
The purpose of this book is to provide for an 
physicists a concise statement of those parts e. 
of mathematics that are of direct use tothem, __ 
and which otherwise could be obtained only __ 
by consulting a large variety of textbooks. — ; 
The first section is devoted to mathematics; o if 
the second to physics. This American edition 
is a photographic copy of the German edition __ 
of 1935, offered at about one third the former’ 
price. ' 


Water Power Engineering. By H. K. Bar- 
rows. Third edition. McGraw-Hill Book 
Company, New York, N. Y., and London, 
England, 1943. 791 pages, illustrated, 9 by } 
6 inches, cloth, $6. (ESL.) , i 
The whole field of water-power develop- — 
ment for hydrolectric purposes is covered in 
this standard textbook. Beginning with — 
hydrology and the study of stream-flow data 
it continues through the construction and 
operation of dams, canals, and penstockstoa 
discussion of the powerhouse and its equip- 
ment. There are chapters on turbine regula- 
tion and on transmission lines. The cost 
and value of water power are discussed, and 
typical installations are described briefly. 


« 


Diesel Engineering Handbook. 1943 de _ 
luxe edition. Originally edited hy L. H. 
Morrison, revised by C. F. Foell. Diesel 
Publications, New York, N. Y. 966 pages, 
illustrated, 91/, by 6 inches, cloth, $7. in 
United States; $8. in foreign countries. 
(ESL.) 
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_ from actual practice. 
_ engineering fundamentals are devoted to 


Practical, up-to-date information, valu- 
able both to the owner and operator, is pro- 


vided upon the operation and maintenance . 


of Diesel engines. The treatment is exhaus- 
tive, and the book is illustrated profusely 
Two chapters of 


brief description of useful general engineering 
terms and equipment. 


Graphical Construction for Vacuum Tube 
Circuits. By A. Preisman. McGraw-Hill 
Beok Company, New York, N. Y., and Lon- 
don, England, 1943. 237 pages, illustrated, 
81/2 by 51/2 inches, cloth, $2.75. (ESL.) 
This book is concerned mainly with the 
graphical methods by which solutions to 
problems on nonlinear circuits, particularly 


those involving vacuum tubes are obtained. — 


Special attention is paid to those problems 
which are not amenable to the analytical 
method; but others are included which 
utilize a combination of the two methods. 
Much of the material is a revision of maga- 
zine articles piv ional published by the 
author. 


_ Fundamentals of Optical Engineering. By 


D. H. Jacobs. McGraw-Hill Book Com- 
pany, New York, N. Y., and London, 
England, 1943. 487 pages, illustrated, 81/2 
by 5 inches, cloth, $5. (ESL.) — 

By providing an introductory text which 
gives attention both to optical and mechanical 
design, this book fills a gap in the literature 
on optical instruments. The fundamentals of 
optics are set forth first, and followed by 


_ descriptions of such representative instru- 


ments as telescopes, periscopes, gun sights, 


F, 


pag 


and range finders. Following this, the me- 
chanical, ‘electrical, and optical design of 
instruments is discussed. 


_ Encyclopedia of Substitutes and Synthetics. 


Edited by M. D. Schoengold. Philosophical 
Library, New York, N. Y., 1943. 382 pages, 
tables, 91/2 by 6 inches, cloth, $10. (ESL.) 

This encyclopedia covers products that 
have been developed recently in order to 
replace critical materials that have become 


_ difficult or impossible to obtain. The proper- 
_ ties and uses of these replacement materials 


are given; the materials needing to be con- 
served are listed with their practical substi- 


_ tutes; and a separate index of trade names 


is provided. All branches of industry, 
manufacture, and pharmaceutics are repre- 


‘sented. 


_ Electroplating. By S. Field and A. D. Weill. 


Fourth edition revised and enlarged. Sir 
Isaac Pitman and Sons, London, England; 
Pitman Publishing Corporation, New York, 
N. Y., 1943. 437 pages, illustrated, 71/2 by 
5 inches, cloth, $5; 15s. (ESL.) 

The major part of this text is devoted to 
description of the practical processes by 
which metals are deposited on a surface. 
Fundamental principles are discussed briefly; 
the electroplating plant is described; me- 
chanical and chemical cleaning of metals is 
covered; and chapters are included on the 


testing of electrodeposits and on metal color- 


ing. 


Fundamentals of Engineering Drawing. 
By W. J. Luzadder. Prentice-Hall, Inc., 
New York, N. Y., 1943. 568 pages, illus- 


s 
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trations, etc., 9!/2 by 6 inches, cloth, $4. 
_(ESL.) 

The early chapters of this comprehensive 
work present simple instructions about 
necessary equipment and its use, and deal 
briefly with engineering geometry and the 
fundamentals of drawing technique. In the 
later chapters, detail work and the making 
of drawings for various engineering opera- 
tions’ and other special purposes are de- 
scribed. A chapter on engineering graphs, 
charts, and diagrams is included. __ 


Cellulose and Cellulose Derivatives. (High 
Polymers, volume 5.) Edited by E. Ott. 
Interscience Publishers, New York, N. Y., 
1943. 1176 pages, illustrated, 91/2 by 6 
inches, cloth, $15. (ESL.) 

Thirty-six well-known workers have con- 
tributed to this monograph, which is in- 
tended to present “the most important mod- 


ern scientific and technical information 
concerning cellulose and its derivatives and 


to have this information in such form that it 
becomes a thorough introduction for work 


on any cellulose problem by any person 


having Teasonably wads general technical 
aes, 


parapiee of Physical Metallurgy. By. F. 
L. Coonan. Harper and Brothers, New 


York, N. Y., and London, England, 1943. 


238 pages, illustrated, 91/2 by 6 inches, cloth, 
$3:258 (ESE) See 

The fundamentals necessary for a gonteal 
appreciation of the properties of metals and 
alloys are presented in this brief elementary 


text intended for students who require a — 


knowledge of the nature and characteristics 
of the metals and alloys of commercial im- 
portance. The first section presents, physical 
principles. The succeeding two sections deal 
respectively, with nonferrous alloys and alloys 
of iron and carbon. . ; 


Heat and Thermodynamics. 
Zemansky. Second edition. McGraw-Hill 
Book Company, New York, N. Y., and Lon- 
don, England, 1943. 390 pages, illustrated, 
9 by 6 inches, cloth, $4. (ESL.) 

This intermediate textbook for students of 
physics, chemistry, and engineering, discusses 


in the first half the fundamental ideas of heat, 


ideal gases, reversibility, entropy, and so 
forth. The remaining chapters deal with 


physical, chemical, and engineering applica-— 


tions in sufficient detail to show how the 
general principles are Zhelee to epenine 
cases. 


Mineral Resources of Africa. (African 
Handbooks: 2.) By A. W. Postel. Uni- 
versity of Pennsylvania Press, Philadelphia, 
1943. 105 pages, illustrated, 81/2 by 51/. 
inches, paper, $1.50. (ESL.) 

The available data on the mineral re- 
sources of Africa and their development; 


current production, reserves, and so forth, — 


are summarized concisely in this pamphlet. 
The annual world production and the annual 


production of the chief producer of each 


mineral are given for comparison. The work 
affords a convenient survey of Africa’s posi- 
Gon in the mineral industry. 


Elements of Electrical Circuits and Ma- 
chinery. By G. C. Blalock. McGraw-Hill 
Book Company, Inc., New York, N. Y., and 


Of Current Interest 


Thi 


‘equations are omitted. A list 0 


cloth, $3. 
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+531 pages, illustrated, 9 
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a use in teghoigals high 
schools. Mathematics is us 
all references to calculus 


experiments is included. 


Experiments i in Electronics < 
cation Engineering. By E.. 
L. T. Anderson. Harper 
York, N. Y., and London, I 
381 pages, illustrations, ei 
_(ESL.) 
This laboratory ‘guide has 
for use in training men for 


ey nie * ees Me 
periments are given, with 
principles and directions. 


University of Kentucky, Le: ngto 1 4 
cloth, $4.50. (ESL. re 
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